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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the transfer 
accuracy of a circuit pattern without requiring much 
time and labor for the production of a mask by forming 
an auxiliary light-transmitting region near the part where 
adjacent light-transmitting patterns are not present so 
as to control the intensity of light 
SOLUTION: The light L emitted from a light source 2 is 
divided into two light/beams LI, L2. The optical paths 
for the two light beams LI. L2 to reach a mask 14 are 
changed so that the phases of the two beams LI, L2 
just after transmitted through the mask 14 are made 
opposite to each other Then the two beams LI. L2 are 
added to irradiate a wafer 3. The integrated circuit 
pattern formed on the mask 14 is transferred to the 
wafer 3 so that light beams LI. L2 through the 
transmitting region of the circuit pattern are added to 
produce light L. which causes interference in the 
boundary region of the light beams LI. L2 to reduce its 
intensity. Thereby, the contrast of the image projected 
on the wafer 3 is largely improved and the circuit pattern can be transferred to the wafer 3 with 
high accuracy. 
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* NOTICES * 

Japan Patent Office is not responsible for any damages caused by the use of this translation. 1. This 
document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim l] The process and the first hght-transmission pattern which form a resist layer on the first 
substrate, The phase of the light in which a part of first side of the light- transmission pattern of the above 
first is adjoined through a shading film, and the phase of the transmitted light penetrates the 
light-transmission pattern of the above first, and the second hght-transmission pattern to reverse. The 
phase of the transmitted hght is reversed to the phase of the Hght which penetrates the 
hght-transmission pattern of the above first by a part of other first side of the above, and light is 
irradiated at the second substrate in which the first fill-in flash transparency pattern of the size which is 
the grade to which image formation of the real image is not carried out was formed. The pattern 
formation method characterized by having the process which exposes a pattern in the aforementioned 
resist layer by the transmitted hght from the second substrate of the above, the process which develops 
the aforementioned resist layer, and the process which forms a pattern in the first substrate of the above 
using the developed aforementioned resist layer. 

[Claim 2] The interval of the hght-transmission pattern of the above fitrst and the light- transmission 
pattern of the above second is the pattern formation method according to claim l\:haracterized by being 
larger than the interval of the light-transmission pattern of the above first, and the fill-in flash 
transparency pattern of the above first. 

[Claim 3] A part of second side which counters with the first side of the above of the light-transmission 
pattern of the above first further at the second substrate of the above is adjoined through a shading film. 
The . third hght-transmission pattern with which the phase of the transmitted light is reversed to the 
phase of the Ught which penetrates the hght-transmission pattern of the above first, The pattern 
formation method according to claim 1 characterized by forming the second fiUU-in flash transparency 
pattern of the size which is the grade by which the phase of the transmitted light is reversed to the phase 
of the hght which penetrates the light-tranismission pattern of the above first by a part of other second 
side of the above, and image formation of the real image is not carried out to it. 

[Claim 4] The pattern formation method according to claim 1 characterized by providing the following. 
The third fill-in flash transparency pattern of the size whose real image which adjoined the second 
substrate of the above through the fill-in flash transparency pattern and shading film of the above first 
further, was reversed to the phase of the hght in which the phase of the transmitted light penetrates the 
light-transmission pattern of the above first, and became independent is the grade by which image 
formation is not carried out. The fourth hght-transmission pattern which is reversed to the phase of the 
light in which the light-transmission pattern of the above second and the fill-in flash transparency 
pattern of the above third are adjoined, and the phase of the transmitted light penetrates the 
light- transmission pattern of the above second, and the third fill-in flash transparency pattern. 
[Claim 5] Two or more first light-transmission patterns which have the predetermined configuration 
which extends in ** on the other hand are repeatedly prepared through the shading section, respectively. 
In a part of pattern group from which the phase of the light which penetrates the hght-transmission 
pattern of the adjacent above first turns into an antiphase mutually The second light-transmission 
pattern longer than the light-transmission pattern of the above first which extends in ** on the other 
hand instead of the hght-transmission pattern of the above first is prepared. As [ turn into / the phase of 
hght and antiphase which penetrate the hght-transmission pattern of the above second / along a part of 
side of the light-transmission pattern of the above second / the phase of the transmitted hght ] The mask 
pattern which has the fill-in flash transparency pattern of the size below the resolution hmit is exposed 
by the reduction projection aligner, the process which forms the pattern corresponding to the 
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aforementioned first and second Kght-transmission patterns in the resist layer boiled and formed on the 
electric conduction film of a semiconductor wafer - The manufacture method of the semiconductor device 
characterized by having the process which processes the aforementioned conductive layer using the 
aforementioned resist layer in which the pattern was formed, and forms a wiring layer in the 
aforementioned semiconductor wafer. 

[Claim 6] Two or more first light- transmission patterns which have the predetermined configuration 
which extends in ** on the other hand are repeatedly prepared through the shading section, respectively. 
In a part of pattern group firom which the phase of the light which penetrates the light-transmission 
pattern of the adjacent above first turns into an antiphase mutually The second light-transmission 
pattern shorter than the hght- transmission pattern of the above first which extends in ** on the other 
hand instead of the light-transmission pattern of the above first is prepared. Apart of side of the first 
light- transmission pattern which adjoins the hght*transmission pattern of the above second is met. The 
mask pattern which has the fill-in flash transparency pattern of the size below the resolution limit with 
which the phase of the transmitted light turns into a phase of the light which penetrates the 
light- transmission pattern of the above second, and an antiphase is exposed by the reduction projection 
ahgner. The manufacture method of a semiconductor device of having the process which forms the 
pattern corresponding to the aforementioned first and second light-transmission patterns in the resist 
layer formed in the semiconductor wafer, and the process which forms a wiring layer in the 
aforementioned semiconductor wafer using the aforementioned resist layer by which patterning was 
carried out. 

[Claim 7] The process which forms the layer which consists of material for forming a wiring layer on a 
semiconductor wafer, The process which forms a resist layer on the layer which consists of material for 
forming the aforementioned wiring layer, The line from which the phase of the light which two or more 
hght-transmission patterns which have the predetermined configuration which extends in ** on the other 
hand are repeatedly prepared through the shading section, respectively, and penetrates the adjacent 
aforementioned fight- transmission pattern turns into an antiphase mutually, and the pattern group of a 
space, The real image which became independent along the side of the first Ught-transmission pattern 
located most outside in the aforementioned pattern group in the size of the grade which does not carry out 
image formation The photo mask in which the fill-in flash transparency pattern with which the 
transmitted light is reversed to the phase of the hght which penetrates the light-transmission pattern of 
the above first was formed is exposed by the reduction projection aligner. The layer which consists of 
material for forming the aforementioned wiring layer using the process which forms the pattern of a 
wiring layer in the aforementioned resist layer, and the resist layer in which the pattern of the 
aforementioned wiring layer was formed is **********ed. The manufacture method of the semiconductor 
device characterized by having the process which forms a wiring layer in the aforementioned 
semiconductor wafer. 

[Claim 8] The manufacture method of a semiconductor device characterized by providing the following. A 
pattern group fi-om which the phase of the hght which the process which forms a resist layer on a 
semiconductor wafer, and the light- transmission pattern which has two or more predetermined 
configurations are repeatedly prepared through the shading section, respectively, and penetrates the 
adjacent aforementioned hght-transmission pattern turns into an antiphase mutually. The real image 
which became iadependent in itself in the size of the grade which does not carry out image formation 
along the side of the first hght-transmission pattern most located outside ia the aforementioned pattern 
group The fill-in flash transparency pattern with which the transmitted hght is reversed to the phase of 
the hght which penetrates tihe light-transmission pattern of the above first is formed, the interval of the 
hght-transmission pattern of the above first, and the aforementioned fiU-ia flash transparency pattern A 
photo mask narrower than an interval with the light-transmission pattern which has the aforementioned 
predetermined configuration adjoined and estabhshed through the shading film in the light- transmission 
pattern of the above first, and the hght-transmission pattern of the above first by exposure hght The 
process which develops the process exposed in the aforementioned resist layer, and its account resist layer 
of back to front, and forms a wiring layer in the aforementioned semiconductor wafer using the process 
which carries out patterning, and the resist layer which carried out [ aforementioned ] patterning. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is dew, 
[0002] 

[Description of the Prior Art] If high integration of a semiconductor integrated circuit progresses and a 
circuit element and the design rule of wiring become submicron order, at the photolithography process 
which imprints the circuit pattern on a mask on a semiconductor wafer using light, such as g line and i 
line, the fall of the precision of the circuit pattern imprinted on a wafer will pose a serious problem. For 
example, when the circuit pattern which consists of transparency fields Pi and P2 formed in the mask 20 
as shown in drawing 1 J (a), and a shading field N is imprinted on a wafer, The phase of the Ught L 
immediately after penetrating each of the transparency fields Pi and P2 of the couple which faces across 
the shading field N As two light interferes in the part which serves as a shading field originally on a wafer, 
and it suits in slight strength, since it is in phase, as shown in this drawing (b) (this drawing (c)), and 
shown in this drawing (d) as a result While the contrast of the projection image on a wafer falls, the depth 
of focus becomes shallow, and pattern imprint precision wiU fall sharply. 

[0003] The phase shift technology of preventing the fall of the contrast of a projection image is proposed 
by changing the phase of the light which penetrates a mask as a means to improve such a problem. For 
example, the phase shift technology which the interference Ught weakens mutually in the part which 
serves as a shading field originally on a wafer is indicated by Japanese JP,62-59296,B by preparing a 
transparent membrane in one side of the transparency field of the couple which faces across a shading 
field, and producing phase contrast between the light which penetrated two transparency fields on the 
occasion of exposure. That is, in case the circuit pattern formed in the mask 21 as shown in drawing 1 K 
(a) is imprinted on a wafer, the transparent membrane 22 which has a predetermined refractive index is 
formed in either of the transparency fields PI and P2 of the couple which faces across the shading field N. 
And since the phase contrast of 180 degrees arises as shown in this drawing (b), in the shading field N on 
a wafer, such light interferes in the light immediately after penetrating each of the transparency fields PI 
and P2 by adjusting the thickness of this transparent membrane 52 suitably, and it is weakened mutually 
(this drawing (c)). As shown in this drawing (d) as a result, the contrast of the projection image on a wafer 
is improved, resolution and the depth of focus improve, and the imprint precision of the circuit pattern 
formed in the mask 21 becomes good. 

[0004] moreover, to Japanese JP, 62-675 14, A After removing a part of shading field of a mask and forming 
a detailed opening pattern, By preparing a transparent membrane in either of the transparency fields 
which exist in this opening pattern or its near, and producing phase contrast between the Light which 
penetrated the transparency field, and the light which penetrated the opening pattern The phase shift 
technology of preventing the amplitude distribution of the light which penetrated the transparency field 
spreading in a longitudinal direction is indicated. 

[0005] Thus, the technology of giving phase contrast to the light of the light-transmission field where each 
other was adjoined on the mask which penetrated the couple at least, and aiming at improvement in 
resolution is set to the manufacture method of a semiconductor device. The optical intensity obtained 
around the portion which jumped out of the endinost part of a line and the pattern group of a space, and 
the pattern group, or was cratered when it applies to a periodic arrangement pattern like a detailed line 
and a space pattern, A difference arises about the optical intensity obtained in the pattern group center 
section, and an error arises in a pattern size. 

[0006] Especially on this application specifications, the amount of phase shifts makes the phase shift 
method which prepared the shifter pattern (a company pattern, complementary pattern) which gives the 
usual pattern (the main pattern), it, and the reversed phase on such one mask an "on mask phase shift 
method" at the "on-mask phase inversion shifting method" at the time of pi(2n+l); (here, n is an integer). 
[0007] Furthermore, in order to raise tie throughput of projection exposure, two masks are irradiated 
simidtaneously, and tiie method of exposing simultaneously the portion corresponding to the separate 
chip of one wafer by it is indicated by Japanese JP,60-109228,A. In addition, one exposure light is divided 
into two and the same portion of two masks which have the same pattern by that cause is iUuminated, 
and even if one of the two has the defect of a mask by compounding them and exposing a wafer, it is ** 
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carried out of the technology exposed satisfactory to Japanese JP;60- 107835, A. 

[0008] However, although these two are effective when preventing that the defect on a mask pattern is 
imprinted on a wafer or improving a throughput, about improvement in resolution, it is completely 
ineffective, 
[0009] 

[Problem(s) to be Solved by the Invention] According to examination of this invention person, a phase 
shift field is established in a part of transparency field of a mask, and the above-mentioned conventional 
phase shift technology of producing phase contrast between the light which passes through that, and the 
light which passes through the transparency field of the near has the problem of requiring great time and 
a great effort in manufactxire of a mask. 

[0010] That is, since various patterns are arranged intricately, selection of the place which arranges a 
transparent membrane becomes very difficult, and remarkable restrictions produce the actual mask with 
which the integrated-circuit pattern was formed in a pattern design. 

[001 1] Moreover, the phase shift technology of giving phase contrast to the light of the light-transmission 
field where each other was adjoined on the mask which penetrated the couple at least, and aiming at 
improvement in resolution is set to the manufacture method of a semiconductor device.^The optical 
intensity obtained around the portion into which it jumped out of the line, and the endmost part of a 
pattern group and pattern group of a space, and the portion and the pattern are missing the bottom when 
it applies to a periodic arrangement pattern like a detailed line and a space pattern, A difference arises 
about the optical intensity obtained in the pattern group center section, and an error arises in a pattern 
size. 

[0012] One purpose of this invention is to offer the phase shift technology which canceled the 
above-mentioned trouble. 

[0013] One purpose of this invention is ultraviolet and the projection dew which can extend further the 
exposure hmitation of the detailed pattern by far-ultraviolet light to a detailed region. 
[0014] One purpose of this invention is to provide with useful mask pattern layout technology 
manufacture of the integrated circuit which used the phase shift method. 

[0015] One purpose of this invention is projection dew effective in exposure of a periodic detailed pattern. 
[0016] One purpose of this invention is excimer laser dew. 

[0017] In addition, although the technology prepare the auxihary pattern in consideration of a phase in 
the outside of the pattern group outermost part of the mask which has the line and the space pattern 
which gave phase contrast to the light of the adjacent transparency field which penetrates the 
transparency field of a couple at least is indicated by JP,3-89346,A, it is not taken into consideration 
about the case where it projects in the pattern group of a Une and a space pattern, and there are a pattern 
or a deficit pattern. 
[0018] 

[Means for Solving the Problem] It will be as follows if the outiine of a typical thing is briefly explained 
among invention indicated in this application. 

[0019] One invention of this application is the exposure method using the phase shift technology in_which 
of the phase of the light which penetrates the light- transmission pattern which adjoins through a shading 
film reverses mutually, and is the manufacture method of a semiconductor device of performing the 
pattern formation of a semiconductor device using the mask which prepares a fill-in flash transparency 
field and adjusts optical intensity near [ where an adjacent light-transmission pattern does not exist ] the 
portion. 
[0020] 

[Function] According to the above-mentioned means, a repetition pattern like a line and a space pattern 
In case it forms using the phase shift technology in which the phase of the light which penetrates an 
adjacent Ught-transmission field is reversed Also at the outermost part of a portion in which the 
light- transmission field which adjoins each other in a pattern group does not exist and which was 
projected, a missing portion, or a pattern group, optical intensity can be made to be the same as that of 
other portions by interference with the hght which penetrates the fill-in flash transparency field 
estabUshed in the near. 
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[0021] 

[Example] Although explanation of the example of the following this inventions is divided into two or 
more terms and performed for convenience, each example is not separate and a part or a modification of a 
process about single invention etc. is hit. Therefore, explanation of a duphcation portion is not especially 
given except the case of being required. Furthermore, especially the thing whose 2 figures are the same 
nvimber the bottom about the reference number used in the following examples is taken as the same or 
the thing which achieves analogous structure or a function, unless it refuses. 

[0022] (l) An example and 1 drawing 1 show the phase shift mechanism 1 of the aligner which are the 
example of this invention, and I of 1. 

[0023] The phase shift mechanism 1 is constituted by the optical system which consists of the beam 
expander 4 prepared between the light source 2 of an aligner, and the irradiated sample 3, mirrors 5, 6, 
and 9, one way mirrors 7 and 8, the corner mirror 10, the optical*path*length adjustable mechanism 11 
that carries out the minute drive of this corner mirror 10, lenses 12a and 12b of a couple, and 
reducing-glass 13 grade. The mask 14 with which the subject copy of the pattern imprinted by the 
aforementioned irradiated sample 3 was formed in the alignment system of this optical system is 
positioned. A mask 14 is a mask (reticle) used by the manufactxiring process of for example, 
semiconductor integrated circuit equipment, and the irradiated sample 3 is a semiconductor wafer which 
consists of a silicon single crystal. 

[0024] After the light L, such as i line (wavelength of 365nm) generated from the light source 2, is 
expanded by the beam expander 4 and is subsequently refracted in the direction perpendicular to the 
principal plane of a mask 14 through a mirror 5, they is halved by the light L2 which progresses in the 
direction which intersects perpendicularly with the hght LI which goes straight on through the one-way 
mirror 7 prepared in the middle of and this. [ an optical path ] Light L2 is refracted through a mirror 9 
and the corner mirror 10, and is irradiated by another part of a mask 14 through a different path from 
light Ll. Two light Ll and L2 which penetrated the part where masks 14 differ minds a mirror 6 and a 
one-way mirror 8, after passing Lenses 12a and 12b, and they is one light L. After being compounded, a 
reducing glass 13 contracts and it irradiates on the irradiated sample 3 positioned on X-Y table 15. 
[0025] In the above -mentioned phase shift mechanism 1, since the optical path lengths of two light Ll and 
L2 after passing a one-way mirror 7 until it results in a mask 14 differ, desired phase contrast can be 
produced between two light Ll and L2 immediately after passing a mask 14 by changing the height 
(optical path length of Ught L2) from the principal plane of a mask 14 to the corner mirror 10. For , 
example, the position of the corner mirror 10 in case the phase of two light Ll and L2 immediately after 
passing a mask 14 becomes in phase mutually is made into a zero, and it is the following formula [0026] 
from this zero. 

[Equation l] d=(2m+l) lambda/4 --(l) (lambda: When only the wavelength of light and the distance (d) 
defined by manteger) move the corner mirror 10 perpendicularly, the phase of two light Ll and L2 
immediately after passing a mask 14 can be mutually made into an antiphase (180 phase contrast). The 
perpendicular slip of the above-mentioned corner mirror 10 is performed usiag the optical-path-length 
adjustable mechanism 11 using the piezoelectric -control element etc. 
[0027] Drawing 2 is the enlarged view of the cross section of the above-mentioned mask 14. 
[0028] A refractive iudex consists of transparent synthetic quartz glass which is about 1.47, and, as for 
this mask 14, the metal layers 16, such as Cr which has about 500-3000A thickness, are formed in the 
principal plane. On the occasion of exposure, the metal layer 16 serves as the shading field A which Ught 
does not penetrate, and other fields turn into the transparency field B which fight penetrates. An 
integrated-circuit pattern is constituted by the above-mentioned shading field A and the transparency 
field B, for example, has one 5 times the size of an absolute size. 

[0029] Drawing 3 (a) and (b) are examples of the correction circuit pattern formed in the above-mentioned 
mask 14. The circuit pattern Pi shown in this drawing (a) had the circumference surrounded by the 
shading field A shown with a slash, and this shading field A, for example, consists of a L character-like 
transparency field B. On the other hand, the transparency field B of the circuit pattern P2 shown in this 
drawing (b) serves as a pattern which has arranged the shading field A of the same configuration as the 
transparency field B of the circuit pattern PI, and the same size inside the transparency field B where it 
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has the same configuration as the transparency field B of the circuit pattern Pi, and the size was 
expanded. That is^ the transparency field B of the circuit pattern P2 is substantially in agreement with 
the pattern of the periphery of the transparency field B of the circuit pattern Pi. These two circiiit 
patterns PI and P2 are patterns of the couple for imprinting the circuit pattern P (slash section) as shown 
in drawing 3 (c) to a wafer in a high precision, and both are stationed at the predetermined intervals in 
the predetermined part of a mask 14. 

[0030] Next, the creation method of the above-mentioned mask 14 is explained briefly. 
[0031] First, after grinding and washing the fi-ont face of a synthetic quartz glass plate, Cr film of about 
500'3000A of thickness is deposited by the sputtering method, and a photoresist is continuously applied 
to the front face on the principal plane the whole surface on this Cr film. Next, after drawing an 
integrated-circuit pattern on a photoresist by the electron-beam Uthography method based on the 
integrated-circuit pattern data beforehand coded by the magnetic tape etc., development removes the 
exposure portion of a photoresist, wet etching removes exposed Cr film, and an integrated-circuit pattern 
is created. The pattern data of the circuit patterns PI and P2 of the aforementioned couple can be 
automatically created by expanding reducing the data of the shading field A of the circuit pattern of one of 
these, or the transparency field B, or taking the AND of the reversal data of one circuit pattern, and the 
data of another circuit pattern. For example, the pattern data of the circuit pattern P2 can be 
automatically created by taking the AND of the data to which the pattern of the transparency field B of 
the circTiit pattern Pi was expanded, and the reversal data of the transparency field B of the circuit 
pattern PI. 

[0032] In order to imprint the integrated-circuit pattern created by the above-mentioned mask 14 on a 
wafer 3, it positions on X-Y table 15 of the aligner which shows the wafer 3 which applied the photoresist 
to the front face, first to aforementioned drawing 1 , and a mask 14 is positioned in the ahgnment system. 
While was divided by the one-way mirror 7, and when light Ll is irradiated on one circuit pattern PI of 
the circuit patterns Pi and P2 of the aforementioned couple, a mask 14 is performed so that another light 
L2 may be correctly irradiated on another circuit pattern P2. Next, the perpendicular slip of the corner 
mirror 10 is carried out, and phase contrast is adjusted so that the phase of two light Ll and L2 
. immediately after passing a mask 14 may turn into an antiphase mutually. In order to adjust positioning 
of a mask 14 and phase contrast of two light Ll and L2 correctiy, the alignment marks Ml and M2 of a 
couple as shown in drawing 5 (a) formed in the mask 14 and (b) are used. Each of marks Ml and M2 had 
the circumference surrounded by the shading field A shown with a slash, and this shading field A, for 
example, is constituted by the pattern which consists of a square transparency field B, and those sizes 
and configurations are completely the same. When positioning of a mask 14 and adjustment of the phase 
contrast of light Ll and L2 are made correctiy, since it interferes each other in the light Ll which 
penetrated the mark Ml, and the light L2 which penetrated the mark M2 and it disappears completely, 
on a wafer 3, the projection image M of marks Ml and M2 is not formed. That is, it can judge easily 
whether positioning of a mask 14 and adjustment of the phase contrast of light Ll and L2 are made 
correctiy by discriminating the existence of a projection image M on a wafer 3. 

[0033] Thus, the above-mentioned operation is repeated, reducing, for example to one fifth optically, 
projecting the subject copy of the integrated-circuit pattern formed in the mask 14 on a wafer 3, and 
moving a wafer 3 in the shape of a step one by one, after performing positioning of a mask 14 and 
adjustment of the phase contrast of light Ll and L2, 

[0034] As for the cross section of the mask 14 in the field in which the aforementioned circuit pattern Pi 
was formed, and drawing 4 (b), the aforementioned circuit pattern P2 of drawing 4 (a) is the cross section 
of the mask 14 in the formed field. 

[0035] As the light L2 immediately after penetrating the transparency field B of the Ught Ll immediately 
£ifter penetrating the transparency field B of the circuit pattern Pi and the circuit pattern P2 is shown in 
drawing 4 (a) and (b), a mutual phase turns into an antiphase. Moreover, since the transparency field B of 
the circuit pattern P2 is in agreement with the pattern of the periphery of the transparency field B of the 
circuit pattern Pi, the amplitude of the synthetic hght L of two light Ll and L2 becomes as it is shown in 
this drawing (c). Therefore, if this synthetic Ught L is irradiated on a wafer 3, as shown in this drawing (d), 
it will interfere in the boundary section of the original light Ll and L2, and wiU weaken each other. 
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Consequently, as shown in this drawing (e), the contrast of the image projected on a wafer 3 is improved 
sharply, and resolution and the depth of focus improve sharply. 

[0036] Thus, by changing the optical path length imtil the aligner of this example 1 divides into two hght 
LI and L2 the light L generated from the light source 2 and these two light Ll and L2 reaches a mask 14 
The phase of two light Ll and L2 immediately after passing a mask 14 is mutually made into an 
antiphase, two Hght Ll and L2 is compounded after that, and it irradiates on a wafer 3. Moreover, the 
mask 14 of this example 1 has the circuit patterns Pi and P2 of a couple whose transparency field B of 
one circuit pattern P2 corresponds with the pattern of the periphery of the transparency field B of another 
circuit pattern PI. Therefore, by imprinting the integrated'circiut pattern formed on the 
above-mentioned mask 14 using the above-mentioned aUgner on a wafer 3 The light L compounded and 
obtained the hght Ll which penetrated the transparency field B of the circuit pattern PI, and the light L2 
which penetrated the transparency field B of the circuit pattern P2 Since it interferes in the boundary 
section of the original light Ll and L2 and weakens each other, it is improved sharply and the contrast of 
the image projected on a wafer 3 can imprint the circuit pattern P to a wafer in a high precision. 
[0037] Therefore, the following effects can be acquired in the exposvure method of 1 of this example 1. 
[0038] (l) Like the conventional phase shift technology, since it is not necessary to establish phase shift 
meanses, such as a transparent membrane, on a mask, restrictions do not arise in a pattern design. 
Although it is necessary in I of this example 1 to form the circuit pattern of a couple on a mask in case one 
circuit pattern is imprinted on a wafer, the circuit pattern of this couple can be automatically created by 
expanding reducing the data of the shading field of the circuit pattern of one of these, or a transparency 
field, or taking the AND of the reversal data of one circuit pattern, and the data of another circuit pattern. 
[0039] (2) The process which inspects the existence of the defect of the indispensable transparent 
membrane with the conventional phase shift technology is unnecessary. In I of this example 1, defective 
inspection of the circuit pattern of a couple can be carried out like the usual mask as compared with the 
original pattern data etc. Moreover, it can carry out by laser length measurement etc. about a 
dimensional inspection as well as the usual mask. Therefore, there is no mask inspection process with a 
bird clapper complicated. 

[0040] (3) Since phase shift meanses, such as a transparent membrane, are not established on a mask, it 
can wash by the same method as the usual mask. Therefore, the mask which does not have a foreign 
matter to the same extent as the usual mask can be created. 

[0041] (4) The above (l) The imprint precision of a circuit pattern can be raised by - (3), without 
manufactxire of a mask taking great time and a great effort. 

[0042] Drawing 6 (a) and (b) are other examples (an example, II of l) of the circmt pattern of the couple 
formed in the mask of I of the aforementioned example 1. 

[0043] Each of the circuit pattern P2 shown in the circuit pattern Pi and this drawing (b) showing in this 
drawing (a) consists of a rectangular transparency field B of the shading field A shown with a slash, and 
this shading field A which had the circumference therefore surrounded. The circuit patterns Pi and P2 of 
a couple are patterns of the couple for imprinting the circuit pattern P (slash section) as shown in this 
drawing (c) to a wafer in a high precision, and both are stationed at the predetermined intervals in the 
predetermined part of a mask 14. As for the circuit pattern P, a size and a configuration consist of four 
equal patterns PA, PB, PC, and PD mutually The transparency field bus available of the circuit pattern 
Pi corresponds to Pattern PA, and the transparency field BC of the circuit pattern Pi corresponds to 
Pattern PC. Moreover, the transparency field BB of the circuit pattern P2 corresponds to Pattern PB, and 
the transparency field BD of the circuit pattern P2 corresponds to Pattern PD, respectively. That is, the 
circuit pattern P is the pattern which has arranged each transparency field B of the circuit patterns Pi 
and P2 of a couple by turns. 

[0044] some masks 14. in the field in which, as for drawing 7 (a), the aforementioned circuit pattern Pi 
was formed - some masks 14 in the field in which, as for a cross section and drawing 7 (b), the 
aforementioned circuit pattern P2 was formed - it is a cross section 

[0045] As the Ught L2 immediately after penetrating the transparency field B of the light Ll immediately 
after penetrating the transparency field B of the circuit pattern Pi and the circuit pattern P2 is shown in 
drawing 7 (a) and (b), a mutual phase turns into an antiphase. Moreover, as the synthetic light L of two 
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light LI and L2 is shown in this drawing (c), the boundary section of the original hght Ll and L2 
approaches mutually. Therefore, if this synthetic light L' is irradiated on a wafer 3, as shown in this 
drawing (d), it will interfere in the boundary section of the original hght Ll and L2, and will weaken each 
other. Consequently, as shown in this drawing (e), the contrast of the image projected on a wafer 3 is 
improved sharply and resolution and the depth of focus improve sharply 

. [0046] Drawing 8 (a) and (b) are the examples of further others of the circuit pattern of the couple formed 
in the mask of I of the aforementioned example 1 (an example, III of l). 

[0047] The circuit pattern PI shown in this drawing (a) had the circumference surrounded by the shading 
field A shown with a slash, and this shading field A, for example, consists of a square transparency field B. 
On the other hand, the transparency field B of the circuit pattern P2 shown in this drawing (b) is 
arranged on the outside of each side of the transparency field B of the circuit pattern Pi. The circuit 
patterns Pi and P2 of this couple are patterns of the couple for imprinting the circuit pattern P (slash 
section) as shown in this drawing (c) to a wafer in a high precision, and both are stationed at the 
predetermined intervals in the predetermined part of a mask 14. 

[0048] some masks 14 in the field in which, as for drawing 9 (a), the aforementioned circuit pattern PI 
was formed the [ a cross section and ] " some masks 14 in the field in which, as for II view (b), the 
aforementioned circuit pattern P2 was formed ■■ it is a cross section 

[0049] As the light L2 immediately after penetrating the transparency field B of the light Ll immediately 
after penetrating the transparency field B of the circuit pattern Pi and the circuit pattern P2 is shown in 
drawing 9 (a) and (b), a mutual phase turns into an antiphase. Moreover, as the synthetic light L of two 
light Ll and L2 is shown in this drawing (c), the boundary section of the original light Ll and L2 
approaches mutually. Therefore, if this synthetic light L' is irradiated on a wafer 3, as shown in this 
drawing (d), it will interfere in the boimdary section of the original hght Ll and L2, and wUl weaken each 
other. Consequently, as shown in this drawing (e), the contrast of the image projected on a wafer 3 is 
improved sharply and resolution and the depth of focus improve sharply " 

[0050] As mentioned above, although invention made by this invention person was concretely explained 
based on the example, it cannot be overemphasized by this invention that it can change variously in the 
range which is not hmited to the aforementioned example and does not deviate from the summary. 
[0051] It is the dew which imprints the predetermined pattern which this invention is not limited to this 
although the above explanation explains the case where invention mainly made by this invention person 
is appUed to the mask used for the manufacturing process of the semiconductor, integrated circuit 
equipment which is a field of the invention used as the background, and irradiated the Light which 
penetrated the mask on the irradiated sample, and was formed in the above-mentioned mask. 
[0052] It will be as follows if the effect acquired by the typical thing among invention indicated in this 
appUcation is explained briefly. 

[0053] By irradiating light at the mask with which the predetermined pattern which consists of a shading 
field and a transparency field was formed, and irradiating the light which penetrated the transparency 
field of the aforementioned mask on an irradiated sample By changing the optical path length in case the 
predetermined pattern formed in the aforementioned mask is imprinted on the aforementioned irradiated 
sample, until it divides into two hght the hght generated from the hght source and each of the two 
aforementioned light reaches the aforementioned mask According to the exposure method of this 
application which makes an antiphase mutually the phase of two hght immediately after passing through 
the part where the aforementioned masks differ, compounds the light of the two accounts of back to fi"ont, 
and irradiates on the aforementioned irradiated sample In the part where while penetrated the 
predetermined transparency field on a mask, and light and another [ which penetrated other 
transparency fields on a mask ] light are arranged by approaching on an irradiated sample, since two 
light interferes and it weakens each other in those border areas, the contrast of a projection image is 
improved sharply. 

[0054] The imprint precision of a pattern can be raised without manufacture of a mask taking great time 
and a great effort to this. 

[0055] (2) It wiU be as follows if a typical thing outline is explained among invention indicated in an 
example and 2 this example. 
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[0056] The 1st invention has the 1st pattern and the 2nd pattern which were equipped with the shading 
field and the transparency field, respectively. At least, irradiate two fight coherent on a partial target 
which has phase contrast in the pattern of these two kinds, and the transparency pattern of those light is 
compounded. The fight which penetrated the transparency field of the 1st pattern in the boundary section 
as which it is a mask for creating a desired pattern on an irradiated sample, and the precision of the 
aforementioned request pattern is required, the fight which penetrated the transparency field of the 2nd 
pattern interferes, and weakens and suits as ■■ the 1st pattern of the above, and the 2nd pattern - the 
same substrate top ■■ or the 1st pattern of the above and the 2nd pattern of the above are separately 
constituted on two substrates 

[0057] The fight source which generates the coherent flux of fight partiaUy at least in invention of the 2nd 
afigner, this • with the flux of fight division means for dividing the coherent flux of light into two, and the 
optical phase shift member put on either of the optical paths until it compounds the flux of fight again 
from this flux of light division means It has the optical system which compounds the flux of light which 
penetrated the 1st pattern and the 2nd pattern to the single flux of light, and the optical system which 
reduces and projects the flux of fight of this single on an irradiated sample, by the aforementioned optical 
phase shift member The phase of the fight which penetrates the 1st pattern, and the fight which 
penetrates the 2nd pattern is shifted to 180 degrees, and the pattern of the request compounded on the 
irradiated sample was created. 

[0058] In invention of the 3rd exposure method, at least, two fight coherent on a partial target which has 
phase contrast in the 1st pattern and 2nd pattern on the mask of the above 1st, respectively is irradiated, 
the transparency pattern of those light is compounded, and the desired pattern was created on the 
irradiated sample. 

[0059] In addition, in this specification, the coherent flux of fight shall mean at least the flux of light with 
sufficient coherent nature to attain the effect which it interferes and is weakened mutually partially. 
[0060] Moreover, in this example, not only the boundary of the segment which constitutes the pattern of 
the aforementioned request pattern but the field inserted into two segments shall be included with the 
boundary section. 

[0061] So that according to the above-mentioned means the light which penetrated the transparency field 
of the 1st pattern, and the fight which penetrated the transparency field of the 2nd pattern may interfere 
and may weaken and suit in the boundary section as which the precision of a request pattern is required 
At least, irradiate two fight coherent on a partial target which has phase contrast in the 1st pattern and 
2nd pattern on the mask which constituted the 1st pattern of the above, and the 2nd pattern, respectively, 
and the transparency pattern of those light is compounded. Since the request pattern was created on the 
irradiated sample, the imprint precision of the boundary section as which the precision of a request 
pattern is required can be raised. 

[0062] The important section plan of the mask of this invention with which, the aforementioned exposure 
optical system was used for the important section block diagram of the exposure optical system which is 
one example of the afigner for which drawing 12 used the mask of this invention, drawing 13 • drawing 15, 
drawing 16 - drawing 18 are explanatory drawings showing the amplitude and intensity of the fight 
which corresponded to firont drawing drawing 13 ■ drawing 15, respectively, and passed the mask. 
[0063] The aligner of this example is functionally divided roughly and consists of four elements. The 
element (the 1st element) which irradiates the two flux of lights to which the 1st has phase contrast in a 
mask 209, the element (the 2nd element) which the 2nd becomes from a mask 209, and the two 
transmitted lights of the 3rd mask 209 are compounded, and the element (the 3rd element) which it 
reduces to the irradiated sample 215 and is irradiated, and the 4th are elements (the 4th element) which 
consist of an alignment mechanism in which composition of the single fl\ix of fight is adjusted. 
[0064] a part of expander 202 which extends the fight which came out of the fight source 201 with which 
the 1st element erdits a coherent fight partially, and the light soiu-ce 201 and to extend, mirror 203,206 
which bends an optical path, and incident fight ■ the one-way mirror 204 which penetrates light and 
reflects a part, and the phase shift to which the phase of fight is changed *■ it consists of members 205 
Moreover, the 3rd element consists of a reducing glass 214 for reducing the lens 201,211 for making the 
two transmitted lights from a mask 209 into parallel light, a mirror 212, a one-way mirror 213, and fight, 
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an irradiated sample 215, and a movable sample base 216. The 4th element consists of a mirror 203, a 
one way mirror 204, a lens 210 and an alignment mechanism 207 to which a mirror 212 is moved, and its 
control circuit 208. 

[0065] In the above, although it is prepared in order that the whole equipment may make a mirror 203 
smaU, a mirror 203 may not be formed but direct incidence of the light jfrom an expander 202 may be 
carried out. A one-way mirror 204 has the function to divide the hght from an expander 202 into two, and 
is arranged on 1st [ on a mask 209 ] pattern 209a. a phase shift - a member 205 between a one-way 
mirror 204 and mirrors 206 - or it is placed between a mirror 212 and a one-way mirror 213, and there is 
work to which predetermined shifts a phase a phase shift -- as for a member 205, a refractive index uses 
the synthetic quartz glass of 1.47 a mask 209 ■- arranging -■ a phase shift the phase contrast of the 1st 
flux of hght 230 from a mirror 212 and the 2nd flux of light 231 from a lens 211 is 0 in the state where a 
member 205 is not formed -* then, a phase shift ■ thickness d of a member - the wavelength of the light 
source •- the refractive index of lambda and a member - n -- carrying out - [0066] 
[Equation 2] d=mlambda/2 (n-l) --(2) (m: Use what was made into integer). 

[0067] a phase shift the phase shift among the light in which using a member 205 penetrated two 
transparency fields at the time of exposure ■ the light which penetrated the member 205, and a phase 
shift - it is for producing the phase contrast of 180 degrees between the light which is not penetrating the 
member 205 for example, the wavelength lambda of the light irradiated in the case of exposxtre ■ 0.365 
micrometers (i line) and a phase shift -- the case where the refractive index n of a member 205 is set to 1.5 
■- a phase shift what is necessary is just to 0.365 micrometers m (integer) double the thickness XI of a 
member 205 

[0068] the light in which the mirror 206 penetrated the one* way mirror 204, and a phase shift it is a 
mirror for making parallel Light which penetrated the member 205 In addition, two patterns 209a and 
209b on a mask 209 are arranged so that it may intersect perpendicularly to two hght 330,331. 
[0069] Usually, a lens 210,211 is arranged so that the center of the optical axis may agree with the center 
of Patterns 209a and 209b, respectively. A one-way. mirror 213 is for compounding two hght 230,231. A 
mirror 212 has the function which bends hght 230 for the composition, 

[0070] The aUgnment mechanism 207 concerning the 4th element consists of a mechanism to which some 
[ required for alignment among the optical system of an aligner ] optical system is moved, and a ****** 
element etc. is used. In drawing 12, although it has composition to which a mirror 203, a one-way mirror 
204, a lens 210, and a mirror 212 are moved, the kind and number of optical elements to which it is made 
to move by composition of an aligner change with a natural thing. In addition, about the method of 
controlling movement of this ahgnment mechanism 7, it mentions later. 

[0071] Next, the composition of the mask 209 of this invention which is the 2nd element is explained. 
[0072] First, a pattern (request pattern) to make on the irradiated sample 215 presupposes that it is the 
pattern 229 of an inverted-L character form which has a two-dimensional breadth hke drawing 13 (c). In 
order to make such a request pattern, in consideration of the request pattern (c) which was formed on the 
mask 209 and which is the plan of an example of the 1st pattern 209a and 2nd pattern 209b, respectively, 
and is compounded by the irradiated sample 215, drawing 13 (a) and (b) hold a relative-position relation, 
and are arranged. 

[0073] As for both 1st pattern 209a and 2nd pattern 209b, a pattern is made from the combination of a 
shading field and a transparency field, respectively. These patterns may be made on one substrate, and 
may be separately made to two glass substrates, respectively however, this case - the difference of the 
thickness of a glass substrate •: the aforementioned phase shift -• the thickness of a meinber *• an 
amendment *- it becomes things In addition, in drawing 13, a transparency field is shown in respect of 
being white, and the slash shows the shading field. 

[0074] The transparency pattern 232 of drawing 13 (a) has the transparency field of an inverted-L 
character form, and the shghtiy small cover field 234 of an inverted-L character form is formed in the 
transparency field of an inverted-L character form, and the transparency pattern 236 of drawing 13 (b) is 
constituted so that it may have the band-like transparency field 236. 
[0075] Next, an operation of this invention is explained. 

[0076] After it can extend the hght which came out of the coherent hght source 201 partially at least by 
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the expander 202 and it bends an optical path by the mirror 203, it is divided into the two flux of lights by 
the one-way mirror 204. As for a one-way mirror 204, the thing (a reflection factor and permeability are 
an equal strictly) of 50% of transparency and 50% of reflection is usually used, the optical path to optical 
system of one [ of these ] among the flux of hghts divided iato two ■- a phase shift - the member 205 is 
arranged the phase shift *- after the light which penetrated the member 205 is able to attach the phase 
contrast of 180 degrees, it is irradiated by 2nd pattern 209b of a mask 209 by the mirror 206 On the other 
hand, the Ught which penetrated the one-way mirror 204 is irradiated by 1st pattern 209a of a mask 209. 
[0077] The two flux of Kghts which penetrated two patterns 209a and 209b constituted on the mask 209 
are compounded after being again made the parallel Qux of light with a lens 210,211. That is, after the 1st 
light 230 which penetrated 1st pattern 209a has an optical path bent by the mirror 212, with the 2nd 
light 231 which passed through the lens 211, it is compounded with a one-way mirror 213, and is made 
into the single flux of light. 

[0078] Then, it irradiates, after two patterns 209a and 209b on a mask 209 have been compounded by the 
irradiated sample 215 held on the movable sample base 216 using a reducing glass 214, and a desired 
pattern consists of on the irradiated sample 215. 

[0079] Here, if it has the phase contrast of 180 degrees and the transmitted light of 1st pattern 209a and 
2nd pattern 209b is made to compound when projecting the request pattern shown in drawing 13 (c), it 
will explain why the imprint precision of the pattern of a mask 209 becomes good. 

[0080] First, it constitutes to the pattern 232 which has a periphery somewhat larger than the periphery 
of the request pattern 229 for the 1st pattern 232 of a mask 209 in consideration of a reduction scale 
factor, and has a transparency field in the inside as mentioned above. And it considers as the band-like 
transparency pattern 236 made when the cover pattern 234 of the same size as the request pattern 229 
which similarly asks for the 2nd transparency pattern 236 from the 1st pattern 232 in consideration of a 
reduction scale factor is lengthened. 

[0081] Thus, by constituting, in the circumference field 238 of the request pattern 229 for which it asks, 
the transmitted light fi*om the 2nd transparency pattern 236 and the transmitted light from the strip 
region 236 inside the 1st transparency pattern 232 can weaken by interference of hght, and can make the 
boundary section of the request pattern 229 sharp to it. Moreover, since the transparency field 234 by the 
side of the 1st [ of the size as the cover field 234 by the side of the 2rid pattern with the same request 
pattern 229 ] pattern is compounded, it becomes the same as the usual exposure after all, and a pattern is 
formed. In addition, in drawing 13 (c), the white field 238 shows the portion which shows, interferes in 
the portion by which hght is irradiated and can weaken it in the slash section, and it has become a 
pattern opposite to drawing 13 (a) and (b). 

[0082] Drawing 16 (a) and (b) are drawings having shown the Y-Y cross section of the 1st pattern 209a on 
a mask 209, and 2nd pattern 209b, respectively. A sign 262 shows a substrate and a sign 263 shows a 
covered member, the Light (b) which drawing 16 (a) and (b) show the ampUtude of the hght immediately 
after mask transparency, respectively, and penetrated the phase shift member in each transparency field 
232 and transparency field 236 of a mask, and a phase shift - between the hght (a) which is not 
penetrating the member 205, it tixrns out that the phase contrast of 180 degrees has arisen Drawing 16 
(c) is drawing in which having penetrated the 1st pattern and 2nd pattern and having shown the 
amplitude of the Ught immediately after composition. 

[0083] If it irradiates only by the 1st pattern 232, the amplitude of the light on a wafer will become a 
gently -sloping inclination lq the periphery of a pattern by the diffraction of light, and the boundary will 
not become sharp. However, in this example, since the. light 242 with the phase contrast of 180 degrees 
which penetrated the transparency field 236 in drawing 13 is arranged around the hght 240 which 
penetrated the transparency field 232 in drawing 13, in the boundary section of the request pattern 229 
for which it asks, it weakens each other by interference, and the reduction degree of an optical amphtude 
becomes remarkable. Therefore, dotage of the profile portion of the image projected on a wafer decreases, 
the contrast of a projection image is improved sharply, and resolution and the depth of focus improve 
sharply (drawing 16 (d)). In addition, since optical intensity serves as a square of the amphtude of hght, 
the wave of the negative side of an optical amplitude on a wafer is reversed at a positive side, as shown in 
drawing 16 (e). 
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[0084] thus, when the request pattern for which it asks is a pattern which has a two-dimensional breadth 
according to the mask of this example It considers as the transparency pattern which opens the 1st 
pattern for a while from the periphery of the two-dimensional pattern (request pattern), and has a 
transparency field inside a pattern in tiie relative position on a mask. By using the. 2nd pattern as the 
band-like transparency pattern which has a slightly larger periphery than the 1st pattern periphery, only 
the boundary section of a request pattern which has a two-dimensional breadth can be made sharp. 
[0085] In addition, the alignment mark for carrying out alignment of 1st pattern 209a and 2nd pattern 
209b is formed in the mask 209. The drive of the aforementioned ahgnment mechanism 207 is controlled 
by this alignment mark. 

[0086] Drawing 20 is an example of the mark for the alignment of the pattern diyided into two places. 
This mark pattern is completely made into the same composition, the same relative position, and the size 
by (a) and (b). The configuration of a mark is not limited on a square, as shown in drawing, but it can use 
figures, such as a L character type and a cross-joint type. However, it is better to establish two or more 
configurations where it is the same since precision is increased according to a direction. Moreover, in 
principle, only the dimension as which these ahgnment mark is required of the alignment of the 
alignment mechanism 207 is prepared in a mask 209. That is, although these marks are also needed in 
the two-dimensional direction of X-Y shaft if the two-dimensional alignment of X-Y shaft is reqmred, in 
the case of equipment usually like drawing 12, one dimension is enough in many cases. 
[0087] When, as for the transmitted light which passed this mark, physical relationship is together put 
for the phase contrast of light correctly at 180 degrees, the whole of the transmitted fight becomes the 
same as that of what was shaded. Then, what is necessary is that alignment would just be completed 
when the state of this shading was supervised by CRT etc. and the condition was ftdfilled. 
[0088] On the contrary, when not shaded completely, what is necessary will be to make the alignment 
mechanism 207 drive and just to set alignment with (b) to (a) in the time of initial setting etc., so that it 
may be shaded. 

[0089] Next, the manufacture method of the mask 209 of this example is explained, referring to drawing 
19. 

[0090] The mask (reticle) with which the mask 209 of this example shown in drawing 12 is used by the 
predetermined manufacturing process of semiconductor integrated circuit equipment is used. In addition, 
the subject copy of a 5 times as many integrated-circuit pattern as an absolute size is formed in the mask 
209 of tJiis example, and it is constituted by the shading field A and the transparency field B. 
[0091] After grinding and washing first the front face of the transparent substrate 262 which consists of 
quartz glass etc. on the occasion of manufacture, the metal layer 263 which consists of Cr with a 
thickness of about 500-3000A etc. is formed by the sputtering method etc. on the front face. Subsequently, 
a 0.4 0.8-micrometer photoresist (henceforth a resist) is apphed to the upper surface of this metal layer 
263. Then, after prebaking a resist, based on the integrated-circuit pattern data of the semiconductor 
integrated circuit equipment beforehand coded by the magnetic tape etc., an electron ray E is irradiated 
with an electron beam-fithography method etc. at the predetermined portion of a resist. In addition, a 
position coordinate, a configuration, etc. of a pattern are recorded on integrated-circvdt pattern data. 
[0092] Subsequently, for example, based on the pattern data of drawing 13 (a) and (b), the pattern of (a) 
and (b) is imprinted to a resist with an electron-beam -lithography method etc, 

[0093] It expands or reduces and the pattern data of (a) and (b) create automatically the pattern width of 
face of the shading field A of the above-mentioned integrated-circuit pattern data, or the transparency 
field B. For example, in this example, (a) fattens about 0.5*2.0 micrometers of pattern width of face of a 
shading field, for example, and (b) can create pattern data automatically by taking the original reversal 
data and the original AND of data for this. 

[0094] Then, the mask 209 which has development, etching of a predetermined portion, removal of a 
resist, and the pattern further shown in drawing 13 (a) and (b) through processes, such as washing and 
inspection, is manufactured. 

[0095] Thus, it is performed as follows in order to imprint the integrated circmt pattern on a mask 209 on 
the irradiated sample 215 (it is only described as a wafer below) to which the resist was carried out with 
** using the manufactured mask 209. 
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[0096] That is, the integrated-circuit pattern on a mask 209 is imprinted all over a wafer by repeating 
projection exposure, whenever it moves a wafer in the shape of a step one by one on the movable sample 
base 216, while arranging a mask 209 and a wafer to the reduction projection aligner of drawing 12, 
reducing optically the subject copy of the integrated-circuit pattern on a mask 209 to one fifth and 
projecting on a wafer. 

[0097] Next, other examples of the mask concerning this example are explained. 

[0098] Drawing 14 (a) and (b) are the important section block diagrams of the mask concerning this 
invention, respectively, and (a) and (b) are the plans which showed the 1st of the mask 209 of drawing 12, 
and the 2nd pattern, held the relative-position relation and divided the mask pattern in consideration of 
the request pattern, respectively. In addition, (c) is the plan of the compounded request pattern. Drawing 
17 (a) ■ (e) is drawing for explaining the amphtude and intensity of hght which penetrated the 
transparency field of the mask shown in drawing 14. In addition, the aligner to be used and its method 
are the same as that of the aforementioned example. 

[0099] As for the example shown in drawing 14, the request pattern 248 shows the pattern composition on 
the mask for making the boundary section sharp, when it is the-like 1 -dimensional pattern with which 
lines 244*247 are located in a line with a longitudinal direction at a single tier. In this case, the 
transparency field 249,250 of the 1st pattern which constitutes a fine 244,246 among the aforementioned 
lines 244-247 on the relative configuration of a mask, and the transparency field 251,252 of the 2nd 
pattern which constitutes a Une 245,247 are arranged by turns. Then, it interferes, and it weakens, and it 
comes to the staging area 255 of each line by which the field which suits constitutes the aforementioned 
request pattern 248, and each line becomes sharp. 

[0100] Drawing 17 (a) In - (e), the relation is explained by the case where only a line 244,245 is extracted 
among request patterns. The phase contrast of 180 degrees has arisen between the hght 256 which, 
penetrated the transparency field 249 of the 1st pattern also in this case, and the light 257 which 
penetrated the transparency field 251 of the 2nd pattern (drawing 17 (a), (b)). Therefore, the component 
of light which such light shows by 259,260 of drawing 17 (d) in the field 255 between two lines 244,245 in 
the request pattern on a wafer wdl negate each other by interference, and as drawing 17 (d) shows, the 
inchnation 261 of an optical amphtude becomes large. Therefore, the field between the lines 244,245 
shown in drawing 14 can set, and a sharp boundary can be formed. In addition, drawing 17 (d) is drawing 
having shown the amphtude of the light on the wafer before interference typically. 

[0101] Consequentiy, the contrast of the projection image of a 1-dimensional pattern can be improved 
sharply, and it becomes possible to raise resolution and the depth of focus sharply (drawing 17 (e)). 
[0102] When a desired pattern is a*like 1-dimensional pattern with which a line is located in a hne with a 
longitudinal direction at a single tier according to this example By having arranged in the middle of each 
line which constitutes the pattern of the aforementioned request of the field which arranges by turns the 
transparency field of the 1st pattern which constitutes the aforementioned line, and the transparency 
field of the 2nd pattern, carries out [ aforementioned ] interference, weakens, and suits in the relative 
position on a mask the above when two or more lines are located in a line with as narrow a field as the 
technique of a two-dimensional pattern cannot be taken, imprint precision can be raised sharply 
[0103] Next, the example of others of the mask concerning this invention is explained. 
[0104] Drawing 15 (a) and (b) are the important section block diagrams of the mask concerning this 
invention, respectively, and (a) and (b) are the plans which showed the 1st of the mask 209 of drawing 12, 
and the 2nd pattern, held the relative-position relation and divided the mask pattern in consideration of 
the pattern of the request, respectively. In addition, (c) is the plan of the compounded request pattern. 
Drawing 18 (a) - (e) is drawing for explaining the amplitude and intensity of light which penetrated the 
transparency field of the mask shown in drawing 15. In addition, the ahgner to be used and its method 
are the same as that of the aforementioned example. 

[0105] The request pattern 269 of this example arranges the minute sub pattern 272 on the circumference 
of the square -hke mask pattern 270. 

[0106] Although it was difficult to perform imprinting such a surrounding minute sub pattern 272 of the 
two-dimensional pattern 270 with a sufficient precision by the method of attaching a phase transparent 
membrane to the conventional mask, according to this invention, the good request pattern 269 can be 
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made easily. Namely, also in the mask of this example shovsni in drawing 15, it sets to the relative position 
on a mask, the pattern 274 which has the transparency field of the same size as the two-dimensional 
pattern 270 for the 1st pattern in consideration of the reduction scale factor carrying out " the 2nd 
pattern the above - by considering as the minute pattern 276 Drawing 18 (a) As * (e) shows, it sets to 
each transparency field of a mask, tixe hght 277 which penetrated the phase shift member, and a phase 
shift between the Ught 278 which is not penetrating the member 205 - the phase contrast of 180 
degrees - being generated (drawing 18 (a) --) (b) - when such light interferes in the field 280 between a 
two-dimensional pattern and a minute pattern, it becomes possible to reduce dotage of the image 
projected on a wafer Consequently, the contrast of a projection image can be improved sharply and it 
becomes possible to raise resolution and the depth of focus sharply (drawing 18 (e)). 
[0107] According to the mask concerning these examples, the following effects can be acquired. 
[0108] In the case of exposure, in the boimdary section as which the precision of a request pattern is 
required, so that the hght which penetrated the transparency field of the 1st pattern, and the Hght which 
penetrated the transparency field of the 2nd pattern may interfere and may weaken and suit Since the 
1st pattern and the 2nd pattern are constituted, dotage of the profile portion of the image projected on a 
wafer decreases, the contrast of a projection image is improved sharply, and resolution and the depth of 
focus can be raised sharply. Consequently, though the same wavelength is used with the same projection 
lens as the former, the resolution limit can be raised sharply. Therefore, even if the pattern on a mask is 
complicated like an integrated'circixit pattern and detailed, it becomes possible to raise sharply the 
imprint precision of the whole pattern which pattern imprint precision did not fall partially and was 
formed on the mask. 

[0109] moreover, since two patterns are prepared and it is made to acqiiire the effect of a phase shift by 
the compounded pattern, there is no transparent membrane in a mask front face, and inspection up [ hke 
/ at the time of preparing the conventional transparent membrane on a mask ] un-arranging is lost 
[Olio] Furthermore, since there is no process which attaches a transparent membrane, the production 
time of a mask can be sharply shortened rather than the mask which used the transparent membrane on 
the mask substrate as a phase shift means, 

[Olll] Although invention made by this invention person above was concretely explained based on the 
example, it cannot be overemphasized by this invention that it can change variously in the range which is 
not limited to the above-mentioned example and does not deviate from the summary. 
[0112] For example, according to the exposure method using the mask of this invention, it cannot be 
hmited to the concrete composition of equipment, but the flux of hght can be divided not only into the 
composition of said example but into the plurality which divides the flux of hght two and uses it, and 
phase contrast can be attached, respectively, and also let the pattern of two or more masks be the means 
which carries out synthetic exposure. 

[0113] Although the above explanation explained the manufacturing technology of the semiconductor 
device which is the field of the invention which became the backgroimd about invention mainly made by 
this invention person, it is not hmited to it and this invention of do [ for the technical field of the exposure 
which can apply the improvement effect in imaging by the phase shift method / widely / apphcation ] is 
clear. 

[0114] It will be as follows if the effect acquired by the typical thing among invention indicated in this 
example is explained briefly. 

[0115] Namely, so that the light which penetrated the transparency field of the 1st pattern, and the hght 
which penetrated the transparency field of the 2nd pattern may interfere and may weaken and suit in the 
boundary section as which the precision of a request pattern is required At least, irradiate two hght 
coherent on a partial target which has phase contrast in the 1st pattern and 2nd pattern on the mask 
which constituted the 1st pattern of the above, and the 2nd pattern, respectively, and the transparency 
pattern of those light is compounded. Since the request pattern was created on the irradiated sample, the 
imprint precision of the boundary section as which the precision of a request pattern is required can be 
raised. 

[0116] The method of carrying out synthetic exposure of the main pattern or the detailed shift pattern 
(company pattern) which should give a phase shift equivalent to the usual main pattern, pi, or it to two 
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masks which were explained by the example, and 1 and 2 is made a "midti-mask phase shift method" or 
the "multi-mask phase inversion shifting method" on this application specifications. 
[0117] (3) An example and 3 drawing 21 show the example of this invention, and the phase shift 
mechanism 301 of the aligner (1:5 reduction projection / step and-repeat method) of 3. 
[0118] The phase shift mechanism 301 is constituted in this drawing by the beam expander 304 prepared 
between the hght source 302 of an aligner, and the irradiated sample 303 (wafer), a mirrof 305,307,308, a 
half mirror 306,313, the optical-axis shifter 309, the corner mirror 310, the optical-path-length adjustable 
mechanism 311 that carries out the reduction drive of this corner mirror, the relay lenses 312a and 312b 
of a couple, and the optical system which consists of demagnification-lens- system 315 grade. The mask 
314 (or reticle) with which the subject copy of the pattern imprinted by the aforementioned irradiated 
sample 303 was formed in the alignment system of this optical system is positioned. A mask 314 is a mask 
(reticle) used by the manufacturing process of for example, semiconductor integrated circuit equipment, 
and the irradiated sample 303 is a semiconductor wafer which consists of a sihcon single crystal. 
[0119] After the light L, such as i line (wavelength of 365nm) generated from the light soxirce 302, is 
expanded by the beam expander 304 and is subsequently refracted in the direction perpendicxilar to the 
principal plane of a mask 314 through a mirror 305, they is made into the light L2 which progresses in 
the direction which intersects perpendicularly with the light Ll which goes straight on through the 
one-way mirror 306 prepared in the middle of and this 2 ****s. [ an optical path ] Light L2 is refracted 
through a mirror 307 and the corner mirror 310, and is irradiated by another part of a mask 314 through 
a different path from light Ll. After two hght Ll and L2 which penetrated the part where masks 314 
differ passed Lenses 312a and 312b and they is compounded by one hght L through a mirror 308 and a 
one-way mirror 313, a reducing glass 315 contracts and image formation irradiation of them is carried out 
on the irradiated sample 303 positioned on X-Y table 316/ 

[0120] In the above-mentioned phase shift mechanism 301, since the optical path lengths of the next hght 
Ll and L2 differ after passing a one-way mirror 306, desired phase contrast can be produced among the 
hght Ll and L2 which reached the wafer 303 by changing the height (optical path length of light L2) from 
the principal plane of a mask 314 to the corner mirror 310. The perpendictdar slip of the above-mentioned 
corner mirror 310 is performed using the optical-path-length adjustable mechanism 311 by the . 
piezoelectric-control element. 

[0121] Drawing 22 is the enlarged view of the cross section of the above-mentioned mask 314. It consists 
of with a refractive index of about 1.47 transparent synthetic quartz glass 322 grade, and, as for this 
mask 314, the metal layers 323, such as Cr (chromium) which has about 500-3000A thickness in the 
principal plane, are formed. On the occasion of exposure, the metal layer 323 serves as the shading field A 
which light does not penetrate, and other fields turn into the transparency field B which hght penetrates. 
An integrated-circuit pattern is constituted by the above-mentioned shading field B, for example, has one 
5 times the size of an absolute size (size on a wafer). 

[0122] Drawing 23 (a) and (b) are examples of the integrated-circuit pattern formed on the 
above-mentioned mask 314. The circuit patterns Pi shown in this drawing (a) are some synthetic 
patterns after an imprint (c), and extract the low section of a transferred sample surface level difference. 
The circuit patterns P2 shown in this drawing (c) are some synthetic patterns after an imprint (c), and 
extract Takabe of a transferred sample surface level difference. Patterns Pi and P2 are arranged at the 
predetermined intervals in the predetermined part of a mask 314. Above-mentioned drawing 23 (a) In - 
(d) 331 Semiconductor substrates, such as Si single crystal substrate or an epitaxial layer (Si), The gate 
electrode or wiring with which Si02 film, 334a, and b consist of Poly Si, a polycide, silicide, or a refractory 
metal based alloy in 332, The positive -resist film with which 333 was apphed on it, and bus available and 
BC The opening pattern on main mask 314a, The position on the resist the opening pattern on sub mask 
314b film [ BD / BB and ] / corresponding to a low section pattern in PA and PC, and PB and PD are the 
positions on the resist film corresponding to the Takabe pattern. 

[0123] Next, the creation method of the above-mentioned mask 314a and b is explained briefly. First, after 
grinding and washing the front face of synthetic quartz glass, the whole surface on the principal plane, Cr 
fibn of about 500-3000A of thickness is deposited by the sputtering method, then an electron beam resist 
is applied the whole surface on this Cr film. Next, after drawing an integrated-circuit pattern on an 
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electron beam resist by the electron -beam -lithography method based on the integrated-circuit pattern 
data beforehand coded by the magnetic tape etc., development removes the exposure portion of an 
electron beam resist, wet etching removes exposed Cr fihn and an integrated circmt pattern is created. 
The pattern data of the circuit patterns PI and P2 of the aforementioned couple can be automatically 
created by expanding reducing the data of the shading field A of the circuit pattern of one of these, or the 
light transmission field B, or taking the AND of the reversal data of one circuit pattern, and the data of 
another circuit pattern. For example, the pattern data of the circuit pattern P2 can be automatically 
created by taking the AND of the data to which the pattern of the transparency field B of the circuit 
pattern Pi was expanded, and the reversal data of the transparency field B of the circuit pattern PL 
[0124] In order to imprint the integrated circuit pattern created by the above-mentioned mask 314 on a 
wafer 303 (drawing 21), it positions on X-Y table 316 of the aligner which shows the wafer 303 which 
applied the photoresist to the front face first to aforementioned drawing 21, and a mask 314 (314a and 
314b) is positioned in the alignment system. While was divided by the one-way mirror 306, and when 
light LI is irradiated on one circuit pattern Pi of the circuit patterns Pi and P2 of the aforementioned 
couple, a mask 314 is performed so that another hght L2 may be correctly irradiated on another circuit 
pattern P2. Next, the perpendicular slip of the corner mirror 310 is carried out, and phase contrast is 
adjusted so that the phase of two light LI and L2 when being compounded again may turn into an 
antiphase mutually. At this time, it presses [ whether the two optical path difference is made and ] down 
small in consideration of the coherence length of the light source. In order to adjust positioning of a mask 
314 and phase contrast of two light LI and L2 correctly, the alignment marks Mil, M12, M21, and M22 
(it names generically by MIn) of a couple as shown in drawing 25 (a) formed in the mask 314 and (b) are 
used. Mark MIq consists of opening of the same configuration same arrangement prepared at equal 
intervals all over the shading field shown with a slash. That is, aU of the interval size of M12, Mil, and 
M21 and M22 are the same. When positioning of a mask 314 (314a and 314b) and adjustment of the 
phase contrast of light Ll and L2 are made by character, since it interferes each other in the light LI 
which penetrated mark Mln, and the light L2 which penetrated mark M2n and it disappears completely, 
on a wafer 303, the images Ml and M2 of a mark are not formed. That is, it can judge easily whether 
positioning of a mask 314 (314a and 314b) and adjustment of the phase contrast of light Ll and L2 are 
made correctly by discriminating the existence of projection images Ml and M2 on a wafer 303. 
[0125] Alignment of the patterns Pi and P2 on a mask is performed using the alignment mechanism 309. 
Next, it is made to correspond to the surface level difference (drawing 23) of the irradiated sample 303, 
and phase contrast is adjusted. Computer control (program) of the piezoelectric-control element of the 
optical-path-length adjustable mechanism 311 is carried out, and this adjustment performs it. That is, 
when a surface level difference is in an irradiated sample since a focal position can be shifted 
corresponding to phase contrast as shown in drawing 24, it becomes possible [ the upper part and the 
lower part ] to double a focus. 

[0126] Thus, the above-mentioned operation is repeated, reducing, for example to one fifth optically, 
projecting the subject copy of the integrated-circuit pattern formed in the mask 314 on a wafer 303, and 
moving a wafer 303 in the shape of a step one by one, after performing positioning of a mask 314 and 
adjustment of the phase contrast of light Ll and L2. 

[0127] By the on-mask phase shift method as shown in drawing 11, the data of drawing 24 form and 
expose the transparent shifter layer on a mask so that phase contrast may become 150 degrees, 180 
degrees, and 210 degrees, respectively, experiment conditions -- the minimum pattern size of 0.35 
micrometers, the exposure wavelength of lambda= 365nm (i line), and NA=0.42 partial • coherency 
sigma=0.3, a resist "RI7000P" (Hitachi Chemical Co., Ltd. make), and an aligner are 5:ii line steppers 
"RAlOl" (Hitachi make) 

[0128] In addition, the principle of this invention is realizable not only by the pair mask phase shift 
method by compounding the two above mask patterns but the on-mask phase shift method which exposes 
one mask by the single flux of light. In this case, it is necessary to form the thickness of the phase shift 
film 22 of drawing 11 so that phase contrast phi may become the value of the request for 150 degrees - 210 
degrees. 

[0129] As shown in this example, when using especially two masks for the method of projecting on two or 



-16- 



1 

JP10-83067A 



more image siirfaces by making a shift amount into values other than pi(2n+l); (n being an integer) with 
a "multi-image surface phase shift method" in a "phase shift method", it will be called a "multi-mask 
multi-image surface phase shift method." 

[0130] In addition, the exposing method by the simultaneous image formation to two or more flat surfaces 
which have a level difference without the phase shift shown in the following examples, and the thing of 
this example are named generically, and it is made the "multi-image surface projection exposing method." 
[0131] (4) An example and 4 this example is related with the modification of a step-and-repeat type 5^1 
reduction projection aligner (stepper) applicable to the example shown in examples 1-3 and the back. 
Because of using the low exposure light of a coherency by the request from a process etc., this example is 
effective, when coherence length is comparatively short. 

[0132] Drawing 26 is the ****** cross section of the exposure optical system of the stepper of this example. 
In this drawing 402 i line of a mercury-arc lamp and a mercury xenon iarc lamp (365nm) etc., The 
exposure light sources, such as an excitner laser (249nm or 308nm), and 403 An exposed wafer, The 
Lighting optical system with which 404 contains a beam expander, a condensing lens, etc., The haK mirror 
for optical division for 405 dividing mirrors, such as a cold mirror, and 406 dividing Light L into two 
almost equally. The mirror for 407a and 407b reflecting the division light Ll and L2, respectively, Corner 
Miller Brock for optical-path-length control concerning [ 408 ] light Ll and alignment with a mask, 408a 
posterior part corner Miller and 409 for anterior part corner MiQer and 408b Corner Miller Brock's 408 
drive control means, Corner Miller Brock for optical-path-length control concerniag [ 410 ] light L2 and 
410a the anterior part MiUer and 410b posterior part corner Miller and 414a The anterior part projection 
a sub mask lens system [ b / 414/ the main mask and ] / corresponding to light Ll and L2 in 412a and 
respectively 412b, 413 compound corner Miller's 410 drive control system,Ll, and L2 **, and 411 is L. The 
half mirror for composition for carrying out, 415 is the synthetic light L. The posterior part projection lens 
system for carrying out image formation and 416 are the X-Y stages and wafer adsorption bases for 
moving a wafer 403 in the XY direction. 

[0133] Since operation of this equipment is almost the same as that of it of each aforementioned 
equipment, it is carried out to Japanese common chestnut of the explanation of operation, or it obtaining 
and carrying out and there being nothing an end. 

[0134] (5) It is related with the step-and-repeat tj^pe 5^1 reduction projection aligner characterized 
[ main ] by for an example and 5 this example having made almost the same the optical path from a sub 
mask to this wafer with from the main mask to the wafer, and making almost the same the optical path 
from a sub mask to the light source with from the main mask to the light soiu*ce. However, these features 
cannot be overemphasized by that neither is necessarily the indispensable feature of this invention. 

[0135] Drawing 27 and drawing 28 are the cross section of this example and i line aligner of 5, and 
additional explanatory drawing of a typical beam of light. 

[0136] In these drawings, 502 is the light source section and consists of a filter group, Miller, etc. who 
extract oxAy monochromatic i line (365nm) mostiy out of the spectrum of ultraviolet lamps, such as an 
extra-high voltage mercury arc lamp or a xenon mercury lamp, and issue of those. 504 is single, the 
condensing lens which consists of several lens (synthetic quartz) group, or a lens system, and forms the 
Kohler (Koler) hghting to a mask. The 1st prism for optical-path-length adjustment (synthetic quartz) 
with which 551 was stretched in respect of the half mirror, and 506 are the one way mirror sides for 
dividing the exposure flux of light L and making it the main exposxire flux of hght Ll and the subexposure 
flux of light L2. To the same polarization mode, this one-way mirror is designed so that it may have 
almost equivalent reflection factor and permeabiUty. The Miller side for the Miller side for 507a and 580a 
deflecting the 90 degrees of the main flux of lights Ll and 507b deflecting 90 degrees of subflux of lights 
L2, and 552a and 552b are polarizing prism (synthetic quartz) which has each vacuum evaporationo 
Miller side. The main mask (reticle) with which 514a and 514b have a transferred pattern exposed [ or ] 
and a submask (reticle), and 561a and 561b are the minute driving means of the holder of each mask, the 
Z axis (the direction of an optical axis), and XY shaft orientations. When 540a and 540b adjust the optical 
path length of Ll and ,L2, the phase contrast setting means for setting up the phase contrast phi of both 
the flux of fights and 541 are those communicating tubes. It is a one way mirror side for composition for 
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the polarizing prism [ prism / 2nd / for optical-path-length adjustment / (synthetic quartz) ] (synthetic 
quartz) for 562a and 562b deflecting each preceding paragraph projection lens group and 554, and 553b 
deflecting L2 / 90-degree /, and 549a, 549b and 508b compounding a deviation Miller side, and 513 
compounding the flux of lights LI and L2, and being referred to as L (synthetic fliox of Hght), respectively. 
This one-way mirror 513 has the same property as the previous one-way mirror 506 for division. The 
latter-part projection lens group for exposure in 515, the latter-part projection lens group for reference in 
565, A photodetection means by which 566 was prepared in the image surface of the projection lens group 
for reference, and 503 An exposed wafer, The wafer chuck and theta rotation (surrounding **** of vertical 
axis passing through center of wafer) stage for 576 carryiug out vacuum adsorption of the wafer, and 
securing the flatness of a wafer, As for a levelness adjustment means by which 577 consists of a move 
stage of the direction of the Z-axis (vertical axis), and 578 consists of three Z-axis driving means, and 579, 
X stage and 580 are Y stages. 

[0137] Drawing 29 is the important section cross section of phase contrast setting means 540a of the 
above-mentioned stepper. In this drawing a synthetic quartz glass plate and 541a 542a and 543a Those 
interval adjustment meanses, Metal bellows and 547a 544a Pressure REZABA (Reservoir), The 
commvmicatiDg tube which 546a becomes from an austinite system stainless steel pipe, 545a is 
optical-path-length control room by which the independent gas or independent mixed gas which has a 
different refractive index from the controlled atmosphere of the loculus by which the stepper is arranged, 
or the main controlled atmospheres of an exposure flux of light path is held by operation of pressure 
REZABA 547a at a constant pressure. In addition, this optical-path-length control room 545a can also be 
considered as a vacua by using 547a as a vacuum pump. When making it a vacuum, it is not necessary to 
take into consideration the temperature rise of the gas in optical-path-length control room. 
[0138] Drawing 30 is the plan of the wafer stage portion of the above-mentioned stepper. As for the Z 
shaft-orientations each driver element [ stage / theta / a wafer chuck-cum ] / to which a Z stage and 578 
a c make an exposed wafer and 576, and, as for 577, 503 makes the element of the levelness adjustment 
means 578, and 579, in this drawing, X table and 580 are Y tables. 

[0139] Next, exposure operation of this stepper is explained. First, the inclination of main mask 514a and 
submask 514b is adjusted, and it is made for the optical path length of the point on each mask 
corresponding to an exposure field and the light source to become as the same as possible. Furthermore, 
the optical path length between the points of each corresponding on each mask and a wafer 503 adjusts so 
that it may become as the same as possible (inclination of a wafer). Next, as an example and 3 explained, 
using alignment and Mark M, it performs the mask alignment within a focus and XY flat surface, and 
phase contrast doubling [ phi=pi / phase contrast ] (phase contrast (relative phase contrast, being 
sufficient as long as it interferes) phi beiag readjusted in the range of pi<phi < pi, and it corresponding to 
a level difference after that, if required.), and exposure of this site is performed after that 
[0140] Adjustment of phase contrast is performed by changing the thickness of optical-path-length control 
room 540a or 540b, as shown in drawing 29. That is, the parallel displacement of one quartz board is 
carried out for the distance between quartz board 542a and b. 

[0141] Furthermore, iaclination adjustment of each mask and a wafer is performed by making it move to 
Z shaft orientations by three incUnation adjustment means 578 a-c (for the case of a wafer and a mask to 
also be twisted in the almost same mechanism) as shown in drawing 30. 

[0142] The latter-part projection lens group 515 (drawing 27) is constituted so that both sides may be 
constituted by the "tele cent rucksack", namely, a chief ray may progress in paraUel with an optical axis in 
the both sides of this lens group about itself. Therefore, Uke the infinite distance tube length amendment 
system in a microscope, when [ whole ] various kinds of optical elements are inserted between preceding 
paragraph projection lens group 562a or 562b, and the latter-part projection lens group 515, change of the 
image formation property of ****** can be pressed down to the minimum. Furthermore, since preceding 
paragraph projection lens group 562a and b are near mask 514a and the b independently [ the latter-part 
projection lens group 515 ], it becomes easy to secixre the optimal object side numerical aperture. 
[0143] (6) An example and 6 this example mainly exposes the main mask and a submask separately, gives 
and compounds the phase contrast of those flux of lights (2n+l) pi, and explains the mask pattern used 
for iuvention which exposes a wafer by the synthetic hght. In the followiag explanation, the main pattern 
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and the subpattern corresponding to the same pattern (on a wafer) on a sub mask and the main mask will 
be projected on a coplanar for convenience, and will be shown. Moreover, ****** given to this pattern is 
converted into the size on the wafer ia 5-1 reduction projection, and is shown. The boundary of a cover 
field and an opening field is expressied with a dashed line about a subpattern. About the opening field of a 
subpattern, it expresses as the point which distributed the corresponding portion. 

[0144] drawing 31 is the pattern of the main mask in the case of exposing the isolated aluminum line 
(others " explanation being restricted to the typical thing of them, although it is apphcable to the same 
metal wiring line, an insulator layer strip, strip opening, the poly Si wiring or a gate line, polycide wiring, 
or a gate line) of an example and 6A according to a negative process, and a submask (When forming linear 
opening, naturally it is necessary to use a positive-resist process by this mask pattern.) Opening on the 
main mask corresponding to aluminum line in 601a, the shading section according [ 6p4d and 605d ] to 
the chromium film of this main mask, 602b and 603b •* the subpattern on a submask (or it is only called a 
reverse pattern or a reversal slit, the time of the shifter pattern or the compensation pattern, especially 
the phase being reversed phase inversion ■•) Dimension a is [ about 0.2 micrometers and the size E of 
0.3-0.4 micrometers and a size B ] about about 0.1 micrometers. 

[0145] Drawing 32 is the main mask and the submask pattern of this example and B. This example 
corresponds to the contact hole or the isolated hole of a through hole and others, and a positive-resist 
process is used. (On the other hand, in the case of an isolated film pattern, it is based on a negative-resist 
process.) In this drawing, the shading section on this main mask, and 613b, 614b, 615b and 616b of 
opening corresponding to the hole on the main mask (opening) in 611a and 612d are the reversal slit 
groups on a submask. About a size, it is [ sign / same ] substantially / as a previous example / the same. 
[0146] Drawing 33 is a mask pattern corresponding to isolated opening of the main mask of the example 
and 6C which is the modification of the above-mentioned example and 6B, and a submask etc. In this 
drawing, 613C, 614C, 6150, and 616C are the auxiliary opening patterns on the main mask for 
preventing that opening becomes round (a corner enhancement pattern or enhancer), and others are all 
the same as that of the above-mentioned example and 6B. The size of an enhancer is 0.1-micrometer 
angle grade. According to the above-mentioned example and 6B, this method has how effective in 
preventing a bird clapper greatly unusually depending on which the corner section is roimd. 
[0147] Drawing 34 is the main mask and the submask pattern in the case of processing "L" character die 
opening mouth pattern with which the width of face makes a pair etc. the minimum hne width in the 
exposure process concerned Uke an old example in a positive-resist process. Setting to this drawing, 621a 
is opening on the main mask, and 622d is the covered section on the main mask (about a submask, this 
portion becomes a part of the covered section similarly like before.). That is, the covered section or the 
covered section is hit except [ all ] the reversal shifter section shown with a dashed line. 623b, 624b, 625b, 
626b, 627b, and 628b are shifter field openings on a submask, respectively. The same sign as drawing 32 
shows a size. (Especially these signs show the same size, unless it refuses!) In addition, this pattern will 
turn into isolated film patterns, such as "L" character pattern of aluminum, as it is, if a negative-resist 
process is used. 

[0148] Drawing 35 is the modification and6E of the above-mentioned example and 6D. In this drawing, 
the opening pattern on the main mask corresponding to 621a of above-mentioned drawing 34 in 621a and 
621d are tiie auxiliary shading patterns (a corner reduction pattern or reducer) for preventing the 
superfluous expansion inside [ corner ] "L" character die opening mouth on this main mask, and the size 
is the same as it of an enhancer. In order that 623c, 624c, 625c, 626c, and 627c may prevent a superfluous 
reduction of a corner, the covered section on the main mask, and 623b, 624b, 625b, 626b, 627b and 628b of 
the opening pattern corresponding to the enhancer prepared on the main mask and 622d are shifter 
patterns (reversal opening), respectively. 

[0149] Drawing 36 is the main mask and the submask pattern corresponding to a negative-resist process 
of an example and a 6F isolated incurvation aluminum circuit pattern. It is the shifter which 631a meets 
the covered section on the main mask in this drawing opening on the main mask corresponding to 
aluminum wiring, and 638d and 639d, and 633b, 634b, 635b, and 636b meet alixminum wiring, and runs. 
Each size is the same as others in principle. If this pattern is apphed to a positive-resist pro cell, it is 
apphcable to band like opening formation. 
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[0150] Drawing 37 is the main mask and the submask pattern Gt corresponds to negative processes, such 
as an isolated aluminum incurvation pattern.) of an example and 6G. This example hits the modification 
of above-mentioned 6F. In this drawing, it is the opening pattern on which 631c acts as an enhancer, and 
the cover pattern which acts as a reducer 631d, and these [ both ] are prepared on the main mask and the 
size is the same as the equivalent pattern of drawing 35. About other points, it is completely the same as 
the above-mentioned example and 6F. 

[0151] Drawing 38 shows the main mask and the submask pattern for line [ of example 6H ] and - space 
pattern. In this case, it considers as a negative -resist process. In this drawing, band-like opening and the 
pattern section on the main mask corresponding to aluminum line pattern in 641a, 642a, and 643a, 
band-like shifter opening and the pattern section on the submask corresponding to aluminum Une 
pattern section in 641b, 642b, and 643b (or KOMPURIMENTARI line pattern), and 645d, 646d, 647d, and 
648d are the covered sections on the main mask. A Une and the space of a size are 0.3 micrometers. 
[0152] (Conversion on a wafer) In addition, in the case of a positive, it is necessary to replace opening 
which adjoins the covered section between opening on the main mask, and opening on a submask, and it 
on this drawing ON. That is, it is necessary to make it opening of the Lord or a submask come to the 
portion corresponding to a space. This is the same when forming common knowledge band-like opening. 
[0153] this example and 6 A-H mask pattern are also applicable not only to a multi-mask method (an 
example, 1-5) which was explained above but an on mask phase shift (the phase shift exposure method 
using one mask which has both the shifter patterns and main patterns of phi=omicron that have the 
reversal transparent membrane of opposed-position difference phi=pi on one mask). In this case, what is 
necessary is just to carry out mask making for the pattern of drawing 31 - H view as a thing on one mask 
as it is. 

[0154] (7) an example and 7 *- here, explain wafer processing and the exposure process of being used for 
operation of this invention 

[0155] Drawing 39 is the wafer plan showing the flow of exposure of 5-1 reduction step-and-repeat 
projection exposure, the exposvu-e field (it is also called a unit exposure field in the field as for which 
optical irradiation is carried out by one exposure operation.) where 703 carried out the exposed wafer (for 
example, 8 inch single crystal Si wafer), and 702 already carried out the completion of exposure of the 
orientation flat of a wafer, and 731 and 732 in this drawing, respectively, and each unit exposure field 
where 733-736 will be exposed from now on it is - this field *- the upper surface of the above-mentioned 
wafer 703 - all fields wiU Exposure is performed to the numerical order shown here. 
[0156] Drawing 40 is the plan showing the relation between the unit exposure field 733 in the case of 
Memory IC, each chip field 721,722, and the field 723 between chips. 

[0157] Drawing 41 -E, and drawing 44 ■ H are the type section views for explaining the exposure process 
and wafer process flow by the positive and negative resist of this invention, respectively. It sets to 
drawing 41 and F view, and since it is easy, about a beam*of*light view and a mask, it is an on-mask phase 
shift (it is a phase shift method with one mask.). However, only the main pattern is shown in a mask and 
the shifter is omitted. Although an example is shown, since an optical path only becomes two on the way 
and is compounded by one in respect of the wafer, in the case of a multi-mask, it is completely the same as 
that of what was shown here. 

[0158] In drawing 41 - E a positive type and a mask, and 745 714 Opening of a mask 714, That 714 is 
indicated to be to other examples by the reduction projection lens system, the processed wafer with which 
vacuum adsorption of 703 was carried out on the wafer stage of a stepper, aluminum circuit pattern by 
which 741 was formed in the 1st oxide film on a semiconductor wafer principal plane, and 742 was formed 
on it. The 2nd oxide film in which 743 was formed the whole surface on it, and 744 are the positive -resist 
film (about a resist, it is an example and 16 reference) applied with the spinner all over the upper (0.6 
micrometers). 

[0159] In drawing 42, 746 is opening formed in the predetermined portion of the resist film 744. 

[0160] In drawing 43, 747 is the through hole of the 2nd oxide film formed considering the resist film 744 

as a mask. 

[0161] In drawing 44 - view H a negative-mold mask and 755 714 The opening or a light transmission 
pattern. The reduction projection lens system as the point with 715 [ same ], the semiconductor wafer by 
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which the wafer stage of a stepper was adsorbed like the point as.for 703, the oxide film by which 741 was 
formed on the principal plane, aluminum £Qm put by sputtering all over boiling 742 the top, and 754 are 
negative-mold photoresist films with a thickness of about 0.6 micrometers formed on it (application) 
[0162] In drawing 45, 754x are the resist film by which patterning was carried out. 

[0163] In drawing 46, 742x are aluminum circuit pattern by which patterning was carried out by using 
resist film 754x as a mask. 

[0164] the drawing 48 view or drawing 54 - a twin and a well - it is the manufacture process flow cross 
section of the CMOS-static RAM (SRAM) by the method, and drawing 55 is a layout pattern on the chip 
Hereafter, it explains one by one. 

[0165] drawing 48 -■ a twin and a well - n and p by - process • a well ** a formation process is shown this 
drawing ■- setting • 703 -■ an n- type Si single crystal wafer (substrate) and 760n n type - a well a 
field and 760p ■- p type - a well - it is a field 

[0166] Drawing 49 uses the gate formation process following it, and the formed gate as a mask, and the 
process which forms the source drain of each FET with an ion implantation with a selfer line is shown, 
this drawing - setting * 761 a-c - a LOCOS oxide film and 762 p and n - a gate oxide film and 763 ■- p 
and n ■ respectively ■■ a polysUicon contest gate electrode (or polycide) and 764 - p and n are p type and n 
type high concentration source drain field, respectively 

[0167] Drawing 50 shows the PSG film formation process between layers, 2nd layer poly Si wiring, and a 
high resistance formation process. In this drawing, 2nd layer poly Si wiring and 766r are the poly Si 
quantity resistance from which 765 becomes a PSG film between layers and 766 becomes the load 
resistance of a SRAM memory cell. 

[0168] Drawing 51 shows the flattening process and contact hole, or through hole formation process by 
SOG. In this drawing, 767 is [ a contact hole with Si substrate and 768c of an SOG film, 768a, and b, d 
and e ] the through holes of 2nd layer poly Si wiring and the upper layer. 

[0169] Drawing 52 shows a 1st layer aluminum wiring formation process. In this drawing, 769 a-e is 1st 
layer aluminum wiring, 

[0170] Drawing 53 shows the layer insulation film formation process on 1st layer aluminum wiring, and a 
2nd layer al\iminum wiring formation process. In this drawing, 770 is the 2nd layer aluminum wiring to 
which the layer insulation film on 1st layer aluminum wiring, 771a, and b were connected with lower 
layer aluminum wiring etc. through the through hole. 

[0171] Drawing 54 shows the final passivation fihn formation process on 2nd layer aluminum wiring. In 
this drawing, 772 is a final passivation film. 

[0172] Drawing 55 is the plan showing the layout in the chip unit of Above SRAM. As for a chip and 722, 
in this drawing, 721 is [ a memory cell mat and 723 ] an I/O circuit, an address decoder, read-out, and a 
circumference circuit that writes and contains ****** etc. 

[0173] Drawing 47 is the exposure process flow view in which having extracted and flowized, the process 
about a photolithography, i.e., the exposure process, in the manufacture process of Above SRAM, and 
having shown it. this drawing setting - n - a well • photograph process 7Pl - n as it covers except the 
portion which should serve as a well, the process which forms a resist pattern on Si3N4 film (on a 
substrate), and field photograph process 7P2 are processes which put and carry out patterning of the 
resist film on it, in order to carry out patterning of the Si3N4 film so that the active-region top of a P 
channel and an N channel may be covered p ■■ a well - photograph process 7P3 - p -- in order that a well 
may carry out channel stopper field formation • n - a well ** the process which carries out patterning of 
the resist film which covers a top, and gate photograph process 7P4 - the gate electrode 763 in order to 
carry out patterning of p and the n, it is the process which carries out patterning of the resist film on poly 
Si put on the whole surface, or a polycide layer Since it explained to drawing 56 or drawing 60, and its 
explanation in more detail, the detail of the process so far was explained briefly here. On a mask, in order 
to carry out the ion implantation of the n type impurity, n channel photograph process 7 P5 gate 763n at 
an n channel side Conversely, on a mask, in order to carry out the ion implantation of the p type impurity, 
the process which carries out patterning of the resist film to a p -channel side, and p channel photograph 
process 7P6 gate 763p at a p-channel side The process which forms a resist pattern on the poly Si film put 
on the whole surface in order that the process which carries out patterning of the resist film to an n 
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channel side, and poly Si photograph process 7P7 might carry out patterning of the 2nd layer poly Si film 
used as the 2nd-layer wiring 766 or high resistance 766r (drawing 50), The process which carries out 
patterning of the resist film which serves as a mask in order that R phot process 7P8 may inject impurity 
ion into other portions, where a poly Si quantity resistance 766r (drawing 50) top is covered with a resist 
film according to a negative process, Contact photograph process 7P9 A substrate, a source drain field, a 
1st layer poly Si layer, The process which carries out covering patterning of the resist pattern for forming 
contact hole 768 a*e (drawing 51) for taking contact to a 2nd layer poly Si layer etc. and 1st layer 
aluminum wiring (aluminum-I) according to a positive process, The regist-patterning process for 
aluminum-I photograph process 7P10 (drawing 52) carrying out patterning of the aluminum-I, The 
process which forms the resist pattern for through hole photograph process 7P11 carrying out opening of 
the through hole for taking connection between aluminum-I and 2nd layer aluminum wiring, 
aluminum-II photograph process 7P12 (drawing 53) The regist patterning process for patterning of 
aluminum-II, Bonding pad photograph process 7P13 are a process which puts a resist film on final 
passivation films other than a pad, in order to form opening about [ corresponding to a bonding pad ] 
100-micrometer angle in the final passivation film 772. 

[0174] n well of these exposure processes, since the lower limit is comparatively large, generally 
photograph 7Pl, n channel photograph 7 P5, p channel photograph 7P6, and bonding pad photograph 
7P13 do not need to use a phase shift method. 

[0175] On the other hand, about the other exposure process of above-mentioned drawing 47, if the "phase 
inversion shifting method" of each example of this invention is applied, it is effective. The "phase 
inversion shifting method" is concern including both a "multi-mask phase shift method" and an "on-mask 
phase shift method." 

[0176] In addition, when a considerable level difference is between each flat surface of the memory mat 
722 of drawing 55, and the circumference circuit section, it is effective to use any one of "the mtdti-image 
surface projection exposing methods" of this invention. 

[0177] (8) An example and 8 drawing 56, or drawing 70 is the process flow of 16MDRAMs by this 
invention, a basic design rxile - 0.6 micrometers, a stack type memory cell, and LOCOS oxide-film 
separation -- it is *• the fundamental feature a twin and a well ■- it is two-layer aluminum wiring using 
CMOS composition, the WSi2 polycide bit line, and the WSi2/TiN tangent In the following processes, a 
photoresist removal process, pretreatments (washing etc.) and a tail end process, an inspection process, 
rear-face down stream processing, etc. omit. 

[0178] drawing 56 Lynn n- by the ion implantation of (P) a weU - it is the cross section showing a 
formation process In this drawing, resistivity 10 ohm -cm (a dopant is boron) and a mirror side (lOO) of 
803 are Si single crystal wafers of a principal plane in P type. A thermal oxidation film with thin 860, 
Si3N4 film whose 861 is an oxygen mask-proof, and 862 act as a mask of ion implantation in the resist 
layer by which. patterning was carried out. n by P (Lynn) into which 863 was introduced by placing -• a 
well " it is a field 

[0179] p' according [ drawing 57 ] to the ion implantation of boron (B) - a well it is the cross section 
showing a formation process the thick oxidization Si film (Si02) and 864a in which 865 was formed of 
thermal oxidation in this drawing p of a circimiference circuit -- a well " a field and 864b p of the 
memory array section -- a well it is a field 

[0180] Drawing 58 is the cross section showing the formation process whose B (boron) pouring p+ type 
channel stopper field does. For 866 a-d, in this drawing, the photograph resist film as an ion-implantation 
mask, and 869a and b are [ p+ chaimel stopper field and 867 a-c of oxygen-proof and Si3N4 film as an 
ion-implantation mask, and 868 ] gate oxide films. 

[0181] Drawing 59 is the cross section showing the state where the LOCOS oxide film was formed. In this 
drawing, 870 a-e is a LOCOS oxide film. 

[0182] Drawing 60 is the cross section showing Lynn appending Si gate formation and the source drain 
formation process of an n channel. In this drawing, P (Lynn) ion-implantation field corresponding to [d / 
871 / 871a, 871c, and / b / 871/ the gate electrode (P dope poly Si) of n channel FET and ] the source or the 
drain of an n channel in the gate electrode (contest P dope polysilicon) of a p channel' FET and 872 a e and 
873 are the photograph resist films as an ion-implantation-proof mask. 
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[0183] Drawing 61 is a high-concentxation n channel source drain field formation process performed after 
sidewall formation. In this drawing, 872x and y are [ the photoresist film as an ion-implantation-proof 
mask and 875 a-d of a p-channel source drain field and 874 ] sidewall insulator layers (Si02). 
[0184] Drawing -62 is the cross section showing the Si02 deposition process between layers, and a polycide 
bit hne formation process. In this drawing, 877a is the poly Si film (Lynn addition), 877b is a silicide 
(WSi2) film, and these form a bit line. Si02,876 according [ 877c ] to CVD is Si02 film by CVD formed 
after As (arsenic) placing (deposition). 

[0185] Drawing 63 is the cross section showing the poly Si electrode formation process used as the 
individual electrode of the capacitor of a memory cell. In this drawing, Si02 film, 879a, and b which were 
formed as united with Si02 films 876 and 877c in 878 are the poly Si deposition film used as the 
individual electrode of the capacitor of a memory cell. 

[0186] Drawing 64 is the cross section showing the formation process of the capacitor plate used as the 
common electrode of another side of the capacitor of a memory cell. In this drawing, the Si3N4 deposition 
film with which 880 becomes the dielectric of a capacitor, and 881 are the addition poly Si deposition films 
used as a plate electrode. 

[0187] Drawing 65 is the cross section showing the high concentration source drain formation process of 
the p channel FET by B+ (boron) placing. In this drawing, 882a and b are the resist films as an 
ion-implantationproof mask. 

[0188] Drawing 66 is the cross section showing the reflow process of a layer insulation film. In this 
drawing, the reflow film according [ 883 a-f ] to a BPSG (Boro-Phospho Silicate Glass) film and 884 a-d 
are the contact holes opened there. 

[0189] Drawing 67 is the cross section showing a silicide (WSi2/TiN) wiring formation process. In this 
drawing, 885 a-c is a silicide wiring layer which consists of a lower layer TiN film and both deposition film 
of the upper tungsten sihcide (WSi2). 

[0190] Drawing 68 is the cross section showing the PSG (Phospho-Silicate-Glass) deposition between 
layers, and a through hole formation process. In this drawing, 886 a-c is a layer insulation film which 
consists of a deposition film of three layers of PSG/SOG/PSG. 

[0191] Drawiag 69 is the cross section showing the formation process of 1st layer aluminum wiring. In 
this drawing, 887 a-d is aluminum (aluminum99%, about Sil%) wiring layer (aluminum-I) of a lower layer 
TiN buffer layer and the upper layer. 

[0192] Drawing 70 is the cross section showing the upper PSG film between layers, and a 2nd layer 
aluminum wiring (alumiaum-II) formation process. In this drawing, 888 is a PSG film between layers 
which consists of a deposition film of three layers of the same PSG/SOG/PSG as previous 886 a-c. 889a 
and b are 2nd layer aluminum (aluminum 'II) wiriag layers. 

[0193] Drawing 71 is a circuit layout pattern on the chip of Above DRAM. As for a chip field, 822a, and b, 
in this drawing, 821 is [ a memory array or the memory cell mat section and 823 ] the circumference 
circ\iit sections (bonding pad ****). 

[0194] Drawing 72 is the plan having shown a part for a round term of the advancing-side by side 
symmetric property for the cell planar structure of the memory array of Above DRAM mostiy. However, 
since it is easy, up wiring structure is omitted. For a word line and 872d, in this drawing, n t3^e source or 
a drain field, 877a, and b of a bit line and 879a are [ 871c / a storage node (capacity) and 881 ] plates. 
[0195] Next, based on these drawings, the process flow of the last process (wafer process) of Above DRAM 
is explained. 

[0196] Like the above, a p type Si single crystal wafer with a thickness of 0.7mm • about 1.0mm is 
prepared, and the thin thermal oxidation film for buffers is formed in a field (100) on the whole surface. 
Si3N4 film is deposited on the whole surface by the thickness of grade sufficient as an oxygen mask-proof 
by CVD on it. Then, a rotation application is carried out all over the above-mentioned principal plane of a 
wafer, and the exposure process (an exposure process, 1) of this invention performs etching of patterning 
of the above-mentioned resist, and Si3N4 lower layer film. Next, as shown in drawing 56, Lynn placing is 
performed into the portion which should serve as a field n well by using resist film 862 grade as a mask. 
Next, the resist film 862 is removed completely and selection formation of the thermal oxidation film is 
carried out on n wells 863 by using Si3N4 film 861 as an oxygen mask -proof, next, Si3N4 film 861 is 
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removed completely and it is shown in drawing 57 - as - n a well the upper oxide film 865 as the 
mask of an ion implantation p boron (B+) is driven into the portion which should serve as a well next 
each " enlargement diffusion (N2 annealing) and activation of a well are performed Furthermore, after 
removing the oxide films 860 and 865 on a substrate completely, thin thermal oxidation film 869a and 
thin b, and Si3N4 film are formed in the whole surface. Next, as shown in drawing 58, patterning is 
carried out according to the exposure process (an exposure process, 2) of this iavention so that the Si3N4 
above-mentioned film may remain only in an active region, and it considers as oxygen-mask-proof 867 a-c. 
Then, resist removal is carried out. Furthermore, a resist film is apphed to the whole surface, it exposes 
by one method of this inventions (an exposure process, 3), and the whole upper surface surface of n wells 
covers by the resist 868. The ion implantation of the boron (B+) is carried out to field 866 a-d which 
should serve as a channel stopper in the state. Next, the resist film 868 is removed completely and field 
oxide -film 870 a-e is alternatively formed by thermal oxidation like drawiag 58 by using Si3N4 fihn 867 
a*c as a mask. Next, complete removal, thin oxide-film 869a on an active region, and b also remove Si3N4 
film 867 a-c further, and gate oxide*film 869a [ new ] and new b are again formed by thermal oxidation 
(drawing 59). 

[0197] Furthermore, after forming a Lynn addition poly Si film in the whole surface and applying a resist 
to it with reduced pressxire CVD, patterning (an exposure process, 4) of this resist film is carried out by 
one method of this inventions, and patterning of the gate electrode 871 a-d is carried out by using the 
resist film as a mask (drawing 60). next, n - a well -• a top -■ the resist fihn 873 •- covering (exposure 
PUROSESE, 5) " carrying out " each above-mentioned gate electrode and self - the Lynn (P) ion is 
conformably poured into field 872 a-e which should serve as a source drain of n channel FET with an ion 
implantation Then, resist 871b is removed. Fvirthermore, a field top is similarly covered with a resist film 
p well (an exposure process, 6), and the ion implantation of the boron (B) is carried out to field 872x and y 
which should become the source of a p channel FET, or a drain hke the point (drawing 61). Furthermore, 
sidewall 875 a-d is formed around gate 871 a-d according to a well-known sidewall process at a 
self-adjustment target Furthermore, as shown in drawing 61, the p-channel section is covered with a 
resist 874 (an exposure process, 7), the ion implantation of the arsenic (As) is carried out by making them 
into a mask, and n t3^e field which makes the high concentration field of LDD (Lightiy Doped Drain) i« 
formed. Then, a resist 874 is removed. 

[0198] Furthermore, as shown in drawing 62, Si02 film 876 is deposited on the whole surface with 
reduced pressure CVD. Next, the contact hole which serves as a bit line of (an exposure process, 8), and a 
memory cell and contact of a substrate with the resist pattern which has broad opening is formed in a 
half-self-adjustment target. Furthermore, Poly Si and the WSi2 reduced pressure CVDSi02 are deposited 
on the whole surface in order, a photoresist is put (an exposure process, 9), and patterning of bit fine 877a 
and the b is carried out. After forming a bit line and removing a resist, Si02 film is deposited on the whole 
surface with reduced pressure CVD, and the bit line side is worn by the insulator layer 878 (drawing 63). 
Next, a photoresist is put for the contact hole of the storage node electrode of a memory cell, and a 
substrate (an exposure process, 10), and opening formation is carried out by **********ing Si02 film 878 
and a lower layer oxide film. Next, the poly Si film which should serve as a storage node electrode with 
reduced pressure CVD is deposited on the whole surface. Furthermore, the ion implantation of Lynn (P) is 
carried out to the entire poly Si film, activation annealing (N2 annealing) processing is carried out, a 
photoresist is put (an exposure process, 11) and patterning of storage node 879a and the b is carried out 
like drawing 63. Then, a resist is removed. 

[0199] Furthermore, as shown in drawing 64, Si3N4 film which should turn into a capacitor insulator 
layer is deposited with reduced pressure CVD. Next, above-mentioned Si3N4 is oxidized by Atsushi in 
part. Furthermore, the Lynn addition poly Si film used as a capacitor plate is deposited on it. Next, a 
resist film is applied on these films, the mask (an exposure process, 12) which carried out patterniag of 
them removes unnecessary poly Si and Si3N4 film, and the capacitor insvdator layer 880 and a plate 881 
are formed. Then, resist removal is performed. 

[0200] Furthermore, as shown in drawing 65, the n channel section is covered with a resist film (an 
exposure process, 13), and Si02 film 878 of the p-channel section is removed. Next, after removing a 
previous resist, resist film 882a and b are again put on the n channel section (an exposure process, 14), 
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and the ion implantation of the boron (B+) is carried out to the high concentration source drain field of the 
LDD structure of a p channel FEX and the field which should become by making it into a mask. Then, a 
resist film is removed completely and N2 annealing for activation is performed. 

[0201] Furthermore, as shown in drawing 66, Si02 film and a BPSG film are deposited on the whole 
surface, and a reflow performs flattening. Next, a photoresist is put and contact hole 884 a-e is formed by 
what patterning is performed for (an expostire process, 15). Next, the upper surface of the p-channel 
section is covered with the photoresist (an exposure process, 16), and n+ type n+ contact field is formed in 
the contact lower part of n type source drain with an ion implantation (Lynn). The above-mentioned resist 
is removed, the n channel section is covered with the photoresist (an exposure process, 17), and p+ type 
p+ contact field is formed in the contact lower part of p type source drain with an ion implantation (B). 
The above-mentioned resist film is removed and N2 annealing for activation of an ion-implantation layer 
and the reflow of BPSG film 883 a-f is performed. 

[0202] Furthermore, like drawing 67, a grovmd TiN buffer layer and a vviring layer WSi2 (tungsten 
silicide) are put on the whole surface by CVD, a photoresist film is applied on it, patterning (an exposure 
process, 18) is carried out to a desired configuration, and sihcide wiring 885 a-c is formed by dry etching 
by making it into a mask. Then, an unnecessary resist film is removed. N2 annealing processing is carried 
out. 

[0203] Furthermore, like [ drawing 68 ], deposition formation of the PSG film between layers which has 
the structure of PSG/SOG/PSG is carried out, and a through hole is formed by carrying out dry etching of 
except for the place which should serve as a through hole by (the exposure process and 19) according to a 
positive -resist process in the state where it covered with the resist. Then, a resist film is removed. 
[0204] Fitrthermore, the ground TiN film and aluminum wiring layer (99 % of the weight of aluminvim, 
Sil % of the weight) which should serve as aluminum-I are deposited like drawing 69, it leaves only on the 
portion which should serve as aluminum wiring in a resist (an exposure process, 20) according to a 
negative process on it, and patterning formation of the aluminum-I wiring 887 a-d is carried out by dry 
etching. Then, a resist film is removed. 

[0205] Furthermore, the layer insulation film 888 which consists of three layers of plasma Si02 / SOG 
(Spin-Qn-Glass) / plasma Si02 is deposited like drawing 80 , and after the positive process (an exposure 
process, 21) has covered except the portion which should serve as a through hole on it by the resist, a 
through hole is formed by dry etching. Then, a resist is removed. Next, aluminum wiring layer 
(alximin\mi99%Sil%) which should serve as aluminum-II is put on the whole surface, and a resist 
(exposure process, 22) film is put only on the portion which shoxild serve as wiring on it according to a 
negative process. This forms aluminum-II wiring 889a and b by cafrjdng out dry etching of this resist film 
as a mask. 

[0206] Furthermore, an ordinary-pressure PSG film (final passivation) is deposited, and a resist film is 
put according to a positive process (an exposure process, 23) in addition to the portion which should serve 
as a bonding pad on it. Opening for bonding pads is formed by chemical etching by using this resist film 
as a mask. 

[0207] the exposure process as which a dimensional pimple is carried out among each above exposure 
process, it is and conditions are required, 2 and 4, and 9- to 11, 15, and 18*22, the phase shift method of 
each example of this invention is effective Among those, as shown in drawing 71, when being 
accompanied by the big level difference between the flat surfaces to which memory array section 822a and 
b, and the circumference circuit 823 belong, it is effective to utilize the multi-image surface projection 
exposing method shown in each example of this invention. Moreover, the phase shift method (the phase 
inversion shifting method) for using the mask of mutual die opening mouths (an example, drawing 38 of 6 
and an example, drawing 84 of 15 - drawing 89, etc.) at the. process which includes many periodic wiring 
like an exposure process, and 9, 18, 20 and 22 etc. is effective. 

[0208] (9) Explain the view on mask layout creation of an example and 9 this invention, and theoretical 
Buck Grant. 

[0209] Only epsilon on the mask in which drawing 73 does not have the usual phase shift plots so the 
amplitude intensity u in the case of the light irom two openings to which the (wafer top scaled distance) 
got used (dashed Une), and this energy intensity I (sohd Une) about Coordinate X to the principal plane on 
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a wafer. (Nutnerical calcidation value) When reduction projection of 5:1 is performed, phase contrast 
phi2 phil=deltaphi starts in this way, when equivalent to 0 or it, constructive interference starts, and it 
becomes like a solid line I, and peaks ul and u2 are not resolved. 

[0210] The problem of resolving by the projection system of such a detailed contiguity object is given as 
follows by Leh Leh (Rayleigh). That is, it is ' [0211] when distance (conversion on a wafer) of two 
approaching points is set to delta. 
[Equation 3] 

[0212] Here, lambda is exposure wavelength and NAl is NA (numerical aperture) of the projection system 
by the side of an image. 

[0213] For example, considering the case of i line, it becomes lambda= 0.365 micrometers, NA=0.4 [ for 
example, ], and the resolution limit delta is set to about 0.56 micrometers. Therefore, if it is going to 
project the pattern of a size [ that it is of the same grade as wavelength like drawiag 73 (for example, 
200% ■ 50% of lambda) ], the problem that two lines coalesce and it cannot dissociate will occur. 
[0214] the flux of light between two openings which approach hke drawing 74 on the other hand phase 
contrast pi (or equivalent to it) ■- giving (the phase inversion shifting method) - a sharp crater appears in 
the energy intensity I near a zero, consequentiy a peak is resolved by two 

[0215] Drawing 75 is a ** type view for explaining the principle of the multi*image surface phase shift 
method which makes phase contrast deltaphi between an astropyle and subopening pi or it like an 
example and 3 in addition to an equivalent value. This simplifies an optical operation of a reduction 
projection system sharply, this drawing ■- setting ■- 991 for an astropyle (for example, bus available of 
drawing 23 (a)), and 921b, the distance between a mask and the image surface, and II and 12 are [ the 
exposure flux of light (wavelength lambda) and 914 / a mask and 921a / subopening (for example,, BB of 
drawing 23 (b)) and d of the distance between these (conversion on a wafer) openings and 1 ] the optical 
path lengths from each opening to a screen 903 (the image surface Optical on-the*strength [ on a screen ] I 
(x) becomes settied as follows. 

[0216] The electrolysis intensity ul and u2 by each opening is [0217] when it is the wave number k and 
phases phi 1 and phi2. 

[Equation 4] ul=Aexp [-i (kll-phi2)] - (9.2) [0218] 

[Equation 5] It becomes u2=Bexp[-i Od2-phi2)] - (9.3). About a synthetic hght, it is [0219]. 
[Equation 6] 



[0220] Thereby, it is [0221] when a changed part of 1 is set to deltal and delta phi=phi 2-phil. 
[Equation 7] 

[0222] When a next door and deltaphi are changed, it turns out that the image surface changes. However, 
this model is a rough model and amendment and a check are required for it by numerical calculation and 
experiment in detail. 

[0223] (10) Explain the ultraviolet hght source for projection exposxire applied to each exposure process of 
this invention, and its circumference in an example and 10 this example. 

[0224] Drawing 76 is the chart which summarized many properties of the exposure illumination system 
which can be used. Generally in this chart, a partial coherence (Partial Coherence) is displayed in the 
Greece character "sigma", and the definition is [0225]. 
[Equation 8] 

[0226] It comes out. NAc is the numerical aperture by the side of the mask of an illumination-system 
condensiag lens, NAo is the numerical aperture by the side of the mask of an exposure projection lens 
system, and it is referred to as NAo=0.4 here. There is Hg arc liuninescence except having been shown in 
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the deep UV spectrum for 0.2 0.3 micrometers of the Xe-Hg light source (far-ultraviolet), excimer laser 
luminescence around 0.2 micrometers, and the above figure as the ultraviolet light source used for 
exposure of this invention besides having been shown here etc. 

[0227] In addition, the Ughting used for this invention has the so-called structure of Koehler illumitiation 
G^ohler). However, it is possible also with the Ughting by the other composition. 
[0228] The example of an exposure illumination system is separately explained to drawing 19 A. 
[0229] (ll) an example and 11 -- here, explain the modification (it corresponds to an example and 5) of the 
5:1 reduction projection aligner used for exposure of this invention In this example, in an illumination 
system and an exposure projection system, since it is made to perform the lens operation for operating the 
two division flux of lights only by the respectively same lens system, when the lens system of a couple is 
used so much for the fbxx of light of each right and left, there is an advantage which does not need to take 
into consideration the difference of aberration of a lens system which poses a problem. This exposure 
system is the both-sides telecentric system constituted by the tele cent rucksack at the mask and wafer 
side (object side) (image side). 

[0230] Drawing 77 is the type section view which the illumination system of the stepper of this example 
and the exposure projection system simplified. In this drawing, the hght source and L to which 1102 emits 
i line of mercury etc. The initial flux of hght, Lighting opticaMens systems, such as a condensing lens 
from which 1104 constitutes Koehler illvimination. The main flux of light and the subflux of light from 
which Ll and L2 were separated by the half mirror by the same uniform intensity, For the main mask 
and 1114b, 1114a is [ a submask and 1140a / optical-path-length control room (thing to the main flux of 
light), and 1140b ] the optical'path-length control room to the subflux of light, and L. As for the synthetic 
flux of light and 1115, a projection lens system and 1103 are exposed wafers. 

[0231] By this method, since the lens system out of which a difference tends to come to various kinds of 
aberration is made common about both the flux of Hghts Ll and L2, a large area which can be exposed 
simultaneous can be taken. Moreover, it can adjust to the value of a request of a phase shift over the 
whole field which can be exposed at once, and, for the reason, high resolution can be obtained. 
[0232] In addition, this example is not limited to the thing of drawing 77, for example, can also use two 
independent light source systems. Also in such a case, since the main lens systems 1115 about the Lord 
and the subflux of hght are common in the optical system of a lower half (a mask or subsequent ones), the 
bad influence based on the difference in the aberration of both the optical system to the imprint property 
of the pattern'on the mask of each couple can be pressed down to the minimum. 

[0233] Furthermore, this equipment can apply the pattern on two masks to all the exposure methods 
simtdtaneously imprinted on one wafer. 

[0234] Moreover, about the optical structure simplified in drawing 77, it is almost the same as that of 
drawing 27 and drawing 28. the portion which carries out difference - the preceding paragraph lens 
group 562 -- the both-sides tele cent prepared in the position which there is nothing that hits a and b in 
this example, and carries out equality to 515 of drawing 27 - a rucksack projection lens system 1115 is 
just only going to be 

[0235] (12) an example and 12 -- explain the mask defective test equipment for inspecting the mask of this 
invention here 

[0236] Drawing 78 is the type section view which mask test equipment simplified, this drawing • setting 
1252 -• the homogeneous-light source of e line (546nm), and L the initial-inspection flux of Light, and 
Ll and L2 -- the above-mentioned aligner -■ the same - etc. etc. - each of the division inspection flux of 
light uniformly divided by intensity the main Qux of light and the subflux of hght, and Ml and M2 - an 
inspected mask and 1240 - for a and b, as for a 1^1 projection lens system and L, optical path-length 
control room and 1265 are [ the synthetic inspection flux of hght and 1266 ] 

[0237] In addition, as long as it is required, the thing of a larger scale factor than 1 is sufficient as the 
projection lens 1265, and it may be reduced. However, as for the case of reduction, the projection lens 
system concerned must be able to resolve a company pattern. 

[0238] Next, operation of this equipment is explained. A case is explained although the inspected mask 
Ml has the opening pattern as it with the same criteria mask M2 with the mask for an on-mask phase 
inversion shift in the 1st, and that by which phase shift processing is not carried out to the shifter pattern 



-27- 



JP10-83067A 



(company pattern and complementary pattern) section, i.e., a phase shift fibn, is not formed. In this case, 
if optical-path control-means 1240a and b are adjusted and optical paths Ll and L2 are made equal (the 
phase contrast of 2npi is sufficient), when normal, by the synthetic image, a shifter pattern will not 
appear at all. On the other hand, when the thickness of a phase shift film is xmusual, the portion serves 
as a bright section and it is detected by the detector 1266. In this case, since image formation of the 
corresponding main' pattern is carried out as a bright section, the interrelation of a defective part and the 
main pattern may be grasped clearly. 

[0239] In the mask inspection for a multi-mask phase inversion shift, the case where the inspected masks 
Ml and M2 are a main mask and a submask, respectively is explained to the 2nd. In this case, 
optical-path length control-means 1240a and b are adjusted, and if it sets up so that phase contrast may 
become 0 or it, and equivalence between the two optical path Ll and L2, image formation of the synthetic 
pattern of both the main pattern and a subpattern (company pattern) will be carried out to the image 
surface. Therefore, the design pattern information on the synthetic pattern and mask is compared 
electrically, and a defect can be judged synthetically. 

[0240] It designs about the case where it is the mask comrade who should be the same pattern which has 
the company pattern with which the inspected masks Ml and M2 cannot resolve both depending on an 
exposure projection system in the mask inspection for a multi-mask phase inversion shift (phase contrast 
also contains things other than pi) to the 3rd. in this case, the **** major key ready means 1240 -■ if a and 
b are adjusted and phase contrast is set as a value eqiiivalent to pi or it, the synthetic image of a normal 
company pattern will disappear, or will become feeble as compared with the case of being general On the 
other hand, if there is an unusual pattern, only the portion wiU serve as a clear bright section. 
[0241] (13) Like the memory IC, such as DRAM, an example and 13 this example is appUed to the 
reduction projection exposure of a wafer which has the chip field which has the difference of elevation in a 
front face, and is related with effective technology. 

[0242] Drawing 79 is the simplification positive cross section (optical system) of the step-and-repeat tyipe 
5-1 reduction projection aligner of this example. In this drawing The source of the homogeneous light of 
the same wavelength where 1302a and b are independent respectively (for example, i line), The main flux 
of light and the subfliix of light, 1304a, and b Ll and L2, respectively The Lord and a subexposure 
lighting lens system (Koehler illumination), The main mask for 1314a exposing a basin (the case of 
Memory IC circumference circuit), The submask for 1314b exposing a plateau (they being a memory cell 
or the memory mat section in the case of memory). The covered section corresponding to the plateau 
section on a chip in 1334i and 1334j, the main pattern section corresponding to the circumference circuit 
pattern on a chip in 1334k, The covered section corresponding to the basin section on a chip in 1344k, 
13441, and the subpattern section corresponding to the memory mat on a chip in j, L As for an exposed 
wafer, 1313i, and j, the synthetic flux of hght by the half mirror, the reduction projection lens system from 
which, as for 1315, the object and image side was constituted by the tele cent rucksack, and 1303 is [ a 
plateau (memory mat section), 1313k, or 1324 ] a basin (circumference circuit section). 
[0243] Drawing 80 is the plan showing arrangement of the field on the wafer corresponding to the unit 
step of exposure. All the fields where the field surrounded with 1313 and a dashed line in this drawing is 
exposed by the unit step, i.e., a unit exposure field, and 1321 and 1322 The 1st and the 2nd chip field, and 
1323 and 1324, respectively The circumference circuit section of each chip field, the main exposure 
section (portion of the slender rectangle divided with the dashed line) to which 1313k hits a basin or a 
valley, and 1313 -- i and j are the subexposure sections which hit a plateau (both sides divided with the 
dashed line), or a plateau 

[0244] Next, operation of the reduction projection aligner of this invention is explained. The exposure 
field 1313 is divided into two masks 1314a and 1314b by this method. This hits memory mat field 13131, j, 
and circumference circuit section 1313k. The level difference [ like ] usually shown in drawing (drawing 
79) is followed on these fields in many cases. In such a case, each field is used as the pattern on a separate 
mask, those masks are separately moved in the direction of the Z-axis Gt is the same as an optical axis), 
and it exposes simultaneously in the state where it adjusted so that the image of each field might carry 
out image formation to the flat surface to which the resist film on a wafer corresponds respectively. 
[0245] In this case, in order to avoid this since the influence of the chromatic aberration of the projection 
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lens system 1315 comes out if a difference is in both wavelength, you may make it divide the flux of light 
from the single light source Like an example and 12, although two or more light source lamps of the same 
wavelength etc. are used for the hght source. 

[0246] in addition while making the projection lens system 1315 common about the flux of hghts Ll and 
L2 in this stepper a both sides (object side and image side) tele cent - since it is considering as rucksack 
composition, the image formation position can be changed by minute movement to Z shaft orientations of 
each mask, without changing the scale factor 

[0247] (14) An example and 14 this example apphes the phase shift exposing method (an "on-mask phase 
shift method" is called in this application.) performed by forming the transparent membrane for making 
the predetermined portion on the same mask reverse a phase. 

[0248] Drawing 81 is the simpUfication positive cross section (optical system) of the step-and repeat 
method 5^1 reduction projection aligner of this exardple. In this drawing 1402a and b The monochrome 
exposure light sources, such as i line independent of mutual, The lighting lens system, 1414a, and b from 
which, as for the main flux of light and the subflux of light, 1404a, and b, Ll and L2 constitute Koehler 
illumination The main mask for exposing the predetermined pattern of a lowlands portion (on a wafer), 
The submask for 1414b exposing the predetermined pattern of the high-grovmd portion on a wafer, A 
synthetic quartz mask substrate, 1414m, and n 1414x and y The chromium shading section, The 
transparent membrane for phase inversions prepared on the astropyle section corresponding to a pattern 
in 1414p and q, 1414s, and opening corresponding to a phase shifter in t, L The lowlands portion on a 
wafer (a wafer is 1403) and 14131 of the synthetic flvix of light by the one-way mirror, the 5'1 reduction 
projection lens system from which, as for 1415, the both sides by the side of an object and an image were 
constituted by the tele cent rucksack, and 1413k are the high-ground portions on a wafer. 
[0249] Drawing 82 is a plan for a unit exposure field being shown on a wafer 1403, and solving the 
exposure method of this invention. The portion in which opening 1414p is prepared as 1451a, such as a 
chip field on this drawing and corresponding to chips, such as memory, in 1421 and 1422 corresponding to 
a nmt exposure field in 1413 and the circumference circuit section corresponding to the lowlands on each 
chip in 1423 and 1424, is shown in drawing 81, and 1451b are portions in which opening 1414q is 
prepared similarly. 

[0250] Drawing 83 is the plan of the mask in which the example of a mask in case pattern section 1451a 
predetermined and predetermined b of a previous lowlands portion and the high-ground section are a 
slender pattern like isolated aluminum wiring is shown. This mask corresponds to a negative-resist 
process. In this drawing, the slit-like opening pattern respectively corresponding to a shifter in the 
opening pattern respectively corresponding to alimiinum wiring in 1414p and 1414q, 1414g, and h, 1414s, 
and t are the phase inversion films formed on it. 

[0251] Since it is completely the same as the aforementioned example and 13 about operation of the 
stepper of this example, it omits. In this example, since two fields which have a level difference can be 
simultaneously exposed by the on-mask phase shift method, it is detailed sizes, such as DRAM with a 
large level difference as shown in a previous example and 8, and applies and is effective in the exposure 
process which cannot be resolved in the usual process. This method is effective in all types of on-mask 
phase shift method. 

[0252] (15) An example and 15 this example is related with the formation methods, such as a period 
adapting the multi-mask phase shift method of this invention, or the on-mask phase shift method, or a 
translation number aluminum circuit pattern. 

[0253] Drawing 84 • C are the wafer plans showing the outline of alviminum period pattern (on a wafer) 
set as the object of this example 15 A-C. As for a unique pattern, and 1559 and 1560, for 1503, in drawing 
84, a contiguity pattern, and 1551 and 1552 are [ the wafer upper siirface and 1553 ] residual periodic 
patterns. As for the contiguity pattern, and 1554 and 1555, for 1556, in drawing 85, a unique pattern, and 
1561 and 1562 are [ a residual periodic pattern and 1503 ] the wafer upper surfaces. As for the unique 
pattern with which 1558 hits the edge of a periodic aluminum circuit pattern, and 1557, in drawing 86, a 
residual periodic pattern and 1503 are the wafer upper surfaces. 

[0254] Drawing 87 is the layout or superposition layout pattern on the mask corresponding to 
above-mentioned drawing 84, a solid Une shows the boundary of the opening pattern of the main mask, 
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and a dashed line shows the boundary of the opening pattern of a submask. In the case of an on-mask 
phase shift mask, a sohd line corresponds to the opening pattern of the amount of phase shifts "0", and a 
dashed line corresponds to the opening pattern of the amount of phase shifts "pi." About drawing 87 - 
drawing 89, as for the size, aluminum line breadth is drawn by actual size, as for 0.3-0.4 micrometers and 
eachfigxu-e. 

[0255] In drawing 87 1514 (the case of the multi-mask phase inversion shifting method is mainly 
explained hereafter) A quartz mask substrate, The astropyle pattern corresponding to the aluminimi line 
1559 on the main mask in 1559a, The shifter pattern on the submask which accompanied 1559b to it, the 
astropyle pattern on the submask corresponding to the aluminum hue 1553 in 1553b, The astropyle 
pattern on the main mask corresponding to the aluminum Hne 1560 in 1560a, The shifter pattern on the 
submask which accompanied 1560b to it, and 1559c are the auxihary opening patterns for negating the 
ghost who may arise from it being in this distance from the openings 1559a and 1560a corresponding to 
aluminum line of both sides. 

[0256] Drawing 88 is a mask layout view corresponding to the same drawing 85 view as previous drawing 
87. the astropyle section (on the main mask) on this drawing and corresponding to [ 1514 ] the alumiQum 
line 1556 of drawing 85 in a mask substrate and 1556a, and 1556 ** b and b The shifter pattern on the 
submask accompanied to it, and 1561b and 1562b are the opening patterns on the submask 
corresponding to 1561 and 1562, respectively 

[0257] Drawing 89 is a mask layout view corresponding to the same drawing 86 as previous drawing 87 
and drawing 88, In this drawing, the astropyle section on the main mask corresponding to the edge 
aluminum wiring 1558 of drawing 86 in 1558a, the shifter pattern on the submask corresponding to it in 
1558b, the astropyle section on the submask corresponding to one of the inside aluminum hnes 1557 in 
1557b, and 1514 are mask substrates. 

[0258] Next, the operation of these masks is explained. First, drawing 86 and drawing 89 are explained. 
By such high density period pattern, although the mask layout of the type of drawing 38 is used, since 
there is no shifter pattern (complementary main pattern) which adjoins about the outside half of the edge 
aluminum line 1558 in this case so that it may guess from the amplitude distribution of drawing 74 at the 
edge of a periodic pattern, line breadth will become broadcloth. Then, additional company opening 
pattern (shifter) 1558b is prepared so that the unnecessary breadth may be canceled. 
[0259] Next, the case of drawing 85 and drawing 88 is explained. In such a periodic pattern, although 
mask layout with a phase shift equivalent to "pi" or it by turns Uke drawing 38 is used, when only one is 
projected like drawing 85, or when having projected to several [ every ] (1 [ or ]), the problem of becoming 
thick is by the reasons as the point of aluminmn wiring of the lobe etc. nil why 1556 is the same to 
xin-want. In order to avoid this, shifter pattern 1556b and b are prepared. 

[0260] Next, the case of drawing 84 and drawing 87 is explained. Although the mask layout with a phase 
shift of "pi" (or equivalent to it) is used by turns like drawing 38 also in such a periodic pattern, when only 
one is short hke drawing 84 (it is the same several [ every / every ] when short), the 1st problem that each 
inside of 1559 and 1560, such as aluminum wiring of the both sides, becomes thick for un-wanting occurs. 
Furthermore, when it is the size with which the valley of the amplitude shown in drawing 74 laps, the 
2nd problem that a ghost appears in those middle occurs. In order to solve this 1st problem, the company 
shift patterns 1559b and 1560b are formed. Moreover, in order to solve the 2nd problem, auxiliary pattern 
1559c (auxiliary company pattern) is prepared. 

[0261] Especially if the technique of the more than explained above is applied to the high density pattern 
section of the following processes, it is effective. That is, they are an example, the exposure process in 8, 2, 
4, 9, 11, 18 and 20, and 22 grades. [ the process and 7P2 in drawing 71 , 7P4, 7P7, 7P10 and seven pl2, ] 
In addition, an on-mask phase shift or whichever of a multi-mask phase shift is suJBBcient as a mask and 
the method of exposure. 

[0262] (16) An example and 16 this example is explanation of the photograph resist used for exposure of 
the wafer of this invention. With the wavelength of the monochrome ultraviolet light source used for 
exposure, a resist can be chosen from from among drawing 90. 

[0263] A resist is uniformly appHed to the thickness of 0.6 micrometers all over the upper principal plane 
of a wafer by the spin coater. 
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[0264] (17) An example and 17 this example is related with improvement of the mask used for a pair 
mask or a mnlti-mask phase shift method. 

[0265] Drawing 91 is the informahty cross section of the principal part of the optical system of the 
step-and repeat type 5^1 reduction projection aligner by the law. The hghting optical -lens system in which 
1702 forms sources of the ultraviolet homogeneous light, such as i lines, such as Hg lamp, in, and 1704 
forms Koehler illumination in this drawing, The main mask and the submask corresponding to the main 
division light and subdivision Ught in LI and L2 corresponding to [ b / division hghting light, 1714a, and ] 
lighting hght in L, The 1st astropyle pattern corresponding to the 1st isolated pattern in . 1751a, The 2nd 
astropyle pattern corresponding to the 2nd isolated pattern in 1754b, 1752a and 1753a are the 2nd 
subopening pattern 0 incidental to the astropyle pattern of the above 2nd. Namely, a shifter, the 1st 
subopening pattern which accompanied 1755b and 1756b to the astropyle pattern of the above 1st, 1740a, 
and b An optical-path length adjustment means as shown in drawing 29, respectively or alignment ready 
loculus, and L An exposed wafer and 1709 are the photograph resist films with which a synthetic light 
and 1715 were applied uniformly [ a 5'-l reduction projection lens system and 1703 ] on the 
above-mentioned wafer 1703. 

[0266] Drawing 92 is the superposition mask flat-surface layout paft:ern showing how the astropyle 
pattern corresponding to many isolated patterns is distributed on the main mask and a submask. In this 
drawing, the circle according [ the circle by the solid line in the mask substrate when piling up 1714a on 
1714b, the pattern section (a part for an one shot) by which simultaneous exposure of 1733 is carried out, 
and the square of a dashed line ] to each astropyle pattern on main mask 1714a and a dashed line is each 
astropyle pattern on submask 1714b. 

[0267] thus, heating ****** according to the exposure light of both masks by distributing an astropyle 
pattern equally on both masks - it can be made identically and uniform 

[0268] (18) An example and 18 drawing 93 are the ****** cross sections of the exposure optical system of 
the step-and-repeat method 5^1 reduction projection aligner (stepper) for enforcing the multi-mask phase 
shift method (the pair mask phase shifting method) of one example of this invention. In this drawing 1802 
The light source for exposure like i line of Hg lamp Gt is an example and 10 for details), The main 
exposure flux of light into which the original exposure flux of light and LI were divided for L, the 
subexposure flux of light into which L2 was similarly divided, The prism with which 1851 contains the 
one-way mirror 1806 for optical division, phase adjustment as show 1840 to 205 of drawing 12, drawing 
29, or the following examples, or an optic£il-path-length adjustment means, i.e., a shifter. The prism 
which contains the capacitor 6 by which 1808a and 1807b form the mirror for the main flux of light and 
the subflux of hghts, and 1804a and 1804b form Koehler illumination (Kohler), respectively, Phase 
adjustment or an optical-path length adjustment means, i.e., a shifter, as shows 1840 to 205 of drawing 
12, drawing 29, or the following examples. The condenser lens in which 1808a and 1807b form the mirror 
for the main flux of Ught and the subflux of lights in, and 1804a and 1804b form Koehler iUumination 
(Kohler), respectively, They are the prism [ mask / sub/ the Lord and ] for the composition to which 1814a 
and b contain and 1854 contains the one-way mirror 1813 for composition, respectively, and L. The flux of 
hght for composition and 1815 are constituted from a 5^1 reduction projection lens system by the tele cent 
rucksack in the both sides by the side of an object and an image. It is a wafer stage as shows 1803 to an 
exposed wafer and shows 1881 to drawing 27 and drawing 19 A. 

[0269] In this example, since the main exposure optical axis which penetrates a wafer, and the main 
lighting light optical axis which penetrates the light source lie at right angles, constituting mostiy the 
optical patii of tiie Lord and subdivision light in the symmetry can carry out comparatively easily. 
[0270] In addition, this equipment cannot be overemphasized by that it is widely applicable to the 
exposure method using two masks shown in other examples of not only a phase shift method but this 
application. 

[0271] (19) An example and 19 this example explains the example of the exposure illumination system for 
enforcing the pair mask phase shift method (multi-mask phase shift method) of this invention, and other 
one example of exposure optical system. 

[0272] Drawing 19 A is the ****** cross section of the exposure optical system of the step-and repeat t3rpe 
5^1 reduction projection aligner of this example. In this drawing an extra high pressure mercury lamp 
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and 1982 1902 An ellipsoid mirror, The original exposure lighting flux of light and 1983 L The 1st 
reflecting mirror (for example, aluminiim mirror), 1985 a fly eye lens and 1987 for a shutter and 1986 
Aperture, A filter (for example, shortcut filter) and 1984 1988 The 2nd reflecting mirror (for example, cold 
mirror). The one-way mirror for the condensing lens from which 1904 constitutes Koehler illumination, 
and 1906 dividing the original exposure flux of hght L into the LfOrd and the subexposure flux of hghts Ll 
and L2, The optical-path-length adjustment means or phase shift board (205 of drawing 12, 540 of 
drawing 27 a, b in addition to this) which shows 1940 to other examples, A deviation mirror [ as opposed 
to the subflux of light L2 in 1907b ], the mask with which 1914 carried the main pattern and the 
subpattern, The mask holder which 1961 holds a mask hke other examples and performs adjustment of 
XYZ and the direction of theta, and also an inclination, Each object side projection lens system [ as 
opposed to / c / 1961] the Lord and the subflux of light in opening of the center, 1964a, and b /, The 
one-way mirror for composition for the deviation mirror to the main flux of Ught Ll and 1913 
compounding the main flux of light Ll and the subflux of light L2, and 1949a considering as the synthetic 
light L, the prism for composition for 1954 containing a one-way mirror, and the image side lens system 
which makes a part of 5^1 reduction projection lens system fi-om which 1915 was constituted by the 
both-sides tele cent rucksack by the side of an object and an image (an example and 11 -• the same) 
independently [ the previous object side lens systems 1964a and 1964b ] -- The wafer adsorption base 
where 1903 serves as an exposed wafer and 1976 serves as theta drive .table, and 1977 are other 
directions, i.e., a Y-axis movable carriage witii horizontal vertical direction, i.e., Z axis movable carriage, 
and 1979, where **, i.e., an X-axis movable carriage, and 1980 are horizontal on the other hand. 
[0273] In this example, since a mask substrate is a single, doubling between the Lord and a submask 
becomes unnecessary. 

[0274] (20) An example and 20 this example explains the two-dimensional partial adjustable shifter board 
which can be used as the optical -path-length adjustment means shown in other examples, or a shifter 
board. 

[0275] Drawing 95 is the simplification positive cross section of a stepper when adding the adjustable 
shifter of this example to the shift board 1940 of drawing 19 A, substitution, or it. as [ show / 2002 / in this 
drawing / in drawing 76 and drawing 19 A ] -- ultraviolet or the.far-ultraviolet Ught source— The phase 
detector, i.e., the scanner, for L measuring the original exposure flux of light, and 2091 measuring the 
phase of the coordinate on the field of the original exposure flux of hght (x y), The one-way mirror for 2006 
dividing the original exposure flux of hght L into the main flux of Ught Ll and the subflux of light L2, 
2040 -- difference deltaphi (x y) of the phase of the coordinate (x y) of the main flux of Ught Ll, and the 
phase of this coordinate of the subflux of Ught L2 -- being local (each minute portion) -- the 
two-dimensional variable -phase shift board for setting it as a desired value, or a shifter -- Ll (x y) and L2 
(x y) show the portion of the coordinate (x y) of each flux of lights Ll and L2. 2014 is the mask which 
carried the main pattern and the subpattern in the place isolated on one mask, the thickness of each part 
of a mask differs, and drawing exaggerates and shows that the phase shift at the time of being mask 
passage is dependent on a coordinate (x y). 2049a compounds the deviation mirror for the main flux of 
light Ll, 2013 compounds the main flux of Ught Ll and the subflux of Ught L2, and it is L. The one-way 
mirror for composition for obtaining, The phase [ in / the datum level in front of composition / in phil (x y) 
and respectively phi2 (x y) ] of Ll (x y) and L2 (x y), 2015 is constituted from a projection lens system 
which is independent [ it ] or constitutes a 5^1 reduction projection system with other lens groups by the 
tele cent rucksack in the both sides by the side of an object and an image, the phase contrast deltaphi (x y) 
data between the division Ught of the coordinate (x y) which^ detected 2003 with the exposed 
semiconductor wafer and detected 2092 with the scanner 2091 -- being based aU the exposure fields 
(unit shot) •- crossing -• phase contrast deltaphi regularity *• it is an adjustable shifter control circuit for 
controlling the adjustable shifter 2040 to a uniform value 

[0276] Drawing 96 is the enlarged view of one principal plane of the adjustable shifter 2040 of 
aforementioned drawing 95. In this drawing, it is the gap section in which 2040a does not have many 
square transparent electrodes, and 2041 does not have an electrode. If the width efface of this gap section 
is set below to the size corresponding to the minimum -solution image size on a wafer, it is effective in 
reducing the noise which **** in this gap section. One side of a previous square electrode is 20 
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micrometers - about 200 micrometers. Furthermore, carrjang out near [ on the optical axis of the optical 
faculty material which should compensate dispersion in a phase by it ] makes it wish, it is, and the 
position of the adjustable shifter 2014 on an optical path is **. That is, when the greatest cause of 
dispersion in the phase in a single shot is a mask substrate, arranging on the optical axis near the mask 
is effective. 

[0277] Drawing 97 is the X-X cross section of the adjustable shifter of above-mentioned drawing 96. any 1 
of what shows 2042 to drawing 98 in this drawing as the electro-optics crystal which has the 
POKKERUSU (Pockels) effect, and 2040 the square transparent electrode (segment) which a and b 
oppose, and 2043 are transparent insulator layers Transparent wiring of the width of face below a 
minimum -solution image size is formed so that desired voltage can be independentiy impressed to each 
segment into "this insulator layer 2043 (by conversion on a wafer). The previous adjustable shifter control 
circuit 2092 compensates dispersion in phase contrast deltaphi in a single shot, i.e., the area within single 
step exposure, by controlling the voltage of many segments through these wiring. 

[0278] (21) About the creation method of the logical explanation about the reference on-mask phase shift 
exposing method for supplementing with the publication of this application, and a mask, the calculus of a 
pattern, and an experimental data, since it is indicated below, make with the publication of this 
application example with it. namely, Japanese Japanese Patent Application No. No. (November 22, 
Showa 63 application) 205350 [ 63 to ] and Japanese Japanese Patent AppUcation No. No. (October 2, 
Heisei 1 application) 257226 [ one to ] and 437 The U.S. patent appUcation 07 corresponding to it / 268 
(November 16, 1989 application), Japanese JP,62-50811,B, the 74-75 pages of the "Nikkei micro 
DEBAISEZU" May, 1990 issues, REBENSUNs and others "v IMPURUBINGU resolution in photo 
Uthography and the Wiz • A phase shifting mask" - IEEE tolan SAKUSHO 1828 - 1836 pages 0 of 
29-volume issue [ N-on electron DEBAISEZU ED-No. 12 December, 1982 ] [ 'Improving Resolution in 
PhotoUthographwith a Phase -Shifting ] Mask', Levenson et al, IEEE Transaction on Electron Devices, 
vol.ED-29 and No.l2 December 1982, R1828-1836, Ito's and others "projection image distortion 
amendment of photo-mask pattern for 1-micrometer processes" JEOL communication society paper 
magazine •- 1985 year 5 month vol. J68-G No. 5 it is the 325-332nd page 

[0279] Since the exposxire illumination system which used the high-pressure mercury lamp etc. for 
Japanese JP,62-171123,A is indicated, it makes with description of this application example with this. 
[0280] Since the composition of the projection lens system of both-sides tele cent rucksack structure is 
shown, it carries out to a part of description of this application example with this at Japanese 
JP,61-22626,A. 

[0281] Since the creation technology of a mask in which the electron ray was used is indicated by 
Japanese JP,61-43420,A, to it, it makes with a part of description of this application example with this. 
[0282] 

[Effect of the Invention] It will be as follows if the effect acquired by the typical thing among invention 
indicated in this appUcation is explained briefly. 

[0283] Since the design of a mask including arrangement of a phase shift field becomes comparatively 
easy in case a semiconductor device is formed using the phase shift method for reversing the phase of the 
light which penetrates the Light-transmission section which adjoins each other through the shading 
section, and improving the contrast of a projection image, since a suitable resist process can be chosen 
according to the configuration of the pattern which it is going to form, a semiconductor device with a 
sufficient pattern precision can be manufactured. 
[Brief Description of the Drawings] 

[Drawing l] General drawing of the phase shift mechanism prepared in the aligner which are the 
example of this invention, and I of 1. 

[Drawing 2] The expanded sectional view of the mask which is the above-mentioned example of this 
invention, 

[Drawing 3] (a) and (b) are the plan of the circuit pattern of the couple formed in this mask, (c) is the plan 
of the circuit pattern which compounds the circuit pattern of this couple and is obtained. 
[Drawing 4] (a) ■ (g) is explanatory drawing showing the amplitude of the light which penetrated the 
transparency field of the circuit pattern shown id drawing 3 (a) and (b), and intensity, respectively. 
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[Drawing 5] (a) and (b) are the plan of the alignment mark of the couple formed in this mask, (c) is the 
plan of the circuit pattern which compounds the alignment mark of this couple and is obtained. 
[Drawing 6] (a) and (b) are the plan showing other examples of the circuit pattern of the couple formed in 
the example of this invention, and the mask of II of 1. (c) is the plan of the circuit pattern which 
compounds the circuit pattern of this couple and is obtained. 

[Drawing 7] (a) - (g) is explanatory drawing showing the amplitude of the light which penetrated the 
transparency field of the circuit pattern shown in drawing 6 (a) and (b), and intensity, respectively. 
[Drawing 8] (a) and (b) are the plan showing other examples of the circuit pattern of the couple formed in 
the example of this invention, and the mask of III of 1. (c) is the plan of the circuit pattern which 
compounds the circuit pattern of this couple and is obtained. 

[Drawing 9] (a) * (e) is explanatory drawing showing the amplitude of the light which penetrated the 
transparency field of the circuit pattern shown in drawing 8 (a) and (b), and intensity, respectively. 
[Drawing 10] (a) - (d) is explanatory drawing showing the amplitude of the hght which penetxated the 
transparency field of the conventional mask, and intensity, respectively. 

[Drawing 11] (a) - (d) is explanatory drawing showing the amplitude of the hght which penetrated the 
transparency field of the conventional mask in which the transparent membrane was prepared, and 
intensity respectively. 

- [Drawing 12] The important section block diagram of the exposure optical system which is the example of 
this invention, and 2. 

[Drawing 13] (a) and (b) are the important section plan showing an example of the pattern composition of 
the mask of drawing 12, respectively, (c) is the plan of the desired pattern made with these patterns. 
[Drawing 14] (a) and (b) are the important section plan showing an example of the pattern composition of 
the mask of drawing 12, respectively, (c) is the plan of the request pattern made with these patterns. 
[Drawing 15] (a) and (b) are the important section plan showing an example of the pattern composition of 
the mask of drawing 12, respectively, (c) is the plan of the request pattern made with these patterns. 
[Drawing 16] (a) ■ (g) is explanatory drawing showing the amplitude and intensity of hght which 
penetrated the transparency field of the mask of drawing 13. 

[Drawing 17] (a) • (h) is explanatory drawing showing the amphtude and intensity of light which 
penetrated the transparency field of the mask of drawing 14. 

[Drawing 18] (a) ■ (g) is explanatory drawing showing the amplitude and intensity of hght which 
penetrated the transparency field of the mask shown in drawing 15. 
[Drawing 19] The cross section of a mask. 

[Drawing 20] (a) - (e) is explanatory drawing of the ahgnment method of the pattern used for the 
equipment of this invention. 

[Drawing 21] The ****** cross section showing the outline of the exposure optical system of the 
step-and repeat type 5:1 reduction projection aligner concerning the example of this invention, and 3. 
[Drawing 22] The cross section of the periodic or the mask corresponding to semi- periodic line • and - 
space pattern of the above-mentioned example of this invention. 

[Drawing 23] For (a), the main mask pattern (positive mask) corresponding to the periodic pattern which 
has the level difference of the above-mentioned example, and this drawing (b) are [ a sub mask pattern 
and this drawing (c) / the plan of a synthetic opening pattern, and this drawing (d) ] a cross section of the 
periodic level difference section of the semiconductor integrated circuit equipment in the manufacture 
way on an exposed wafer similarly. 

[Drawing 24] The diagram showing the situation of a gap of the image surface corresponding to the Lord 
and the sub pattern at the time of the ability to shift the phase contrast phi of LI and L2 of the 
above-mentioned example forward and backward than pi (2n-*-l). 

[Drawing 25] (a) is the plan showing what formed in the main pattern section among the marks for phase 
shift doubling of the above-mentioned example, (b) is the plan of the opening pattern for phasing formed 
in this sub pattern section, (c) is a projection pattern at the time of these composition. 
[Drawing 26] The example of this invention, the type section view of the stepper equipment of 4. 
[Drawing 27] The ****** cross section of the exposure projection optical system of the step-and*repeat 
type 5^1 reduction projection aligner of the example 5 of this invention. 
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[Drawing 28] The exposure light source of this above-mentioned equipment, and the ****** cross section 
of hghting (for exposure) optical system. 

[Drawing 29] The expanded sectional view of the phase contrast setting means of this equipment. 
[Drawing 30] The plan of the wafer attaching part of this equipment. 

[Drawing 3l] The mask pattern plan corresponding to the isolated band-like pattern concerning the 
example of this invention, and 6. 

[Drawing 32] The mask pattern plan corresponding to the isolated square pattern concerning the 
example of this invention, and 6. 

[Drawing 33] The mask pattern plan corresponding to the isolated square pattern concerning the 
modification of above-mentioned drawing 32. 

[Drawing 34] The mask pattern plan corresponding to "L" character type pattern concerning the example 
of this invention, and 6. 

[Drawing 35] The mask pattern plan corresponding to "L" character type pattern concerning the 
modification of above-mentioned drawing 34. 

[Drawing 36] The mask pattern plan corresponding to the incurvation isolated band-like pattern 
concerning the example of this invention, and 6. 

[Drawing 37] The mask pattern plan corresponding to the incurvation isolated band-like pattern" 
concerning the modification of above-mentioned drawing 36. 

[Drawing 38] The mask pattern plan corresponding to a period-strip-like pattern, such as starting the 
example of this invention, and 6. 

[Drawing 39] The wafer plan showing the exposure step concerning the example of this invention, and 7. 
[Drawing 40] The plan showing the unit exposxire field in the exposure method concerning the example of 
this invention, and 7. 

[Drawing 41] The flow cross section showing the positive process concerning the example of this invention, 
and 7. 

[Drawing 42] The flow cross section showing the positive process concerning the example of this invention, 
and 7. 

[Drawing 43] The flow cross section showing the positive process concerning the example of this invention, 
and 7. 

[Drawing 44] The flow cross section showing the negative process concerning the example of this 
invention, and 7. 

[Drawing 45] The flow cross section showing the negative process concerning the example of this 
invention, and 7. 

[Drawing 46] The flow cross section showing the negative process concerning the example of this 
invention, and 7. 

[Drawing 47] the twin concerning the example of this invention, and 7, and a well •- the whole flow view 
showing the photohthography process in a SRAM process 

[Drawing 48] The flow cross section of the wafer process of SRAM corresponding to above-mentioned 
drawing 47 of this invention. 

[Drawing 49] The flow cross section of the wafer process of SRAM corresponding to above-mentioned 
drawing 47 of this invention. 

[Drawing 50] The flow cross section of the wafer process of SRAM corresponding to above-mentioned 
drawing 47 of this invention . 

[Drawing 5l] The flow cross section of the wafer process of SRAM corresponding to above-mentioned 
drawing 47 of this invention. 

[Drawing 52] The flow cross section of the wafer process of SRAM corresponding to above-mentioned 
drawing 47 of this invention. 

[Drawing 53] The flow cross section of the wafer process of SRAM corresponding, to above-mentioned 
drawing 47 of this invention. 

[Drawing 54] The flow cross section of the wafer process of SRAM corresponding to above-mentioned 
drawing 47 of this invention. 

[Drawing 55] The flat-surface layout pattern of the chip field of Above SRAM. 
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[Drawing 56j The 


flow 


cross 


section 


showing 


the 


wafer 


process of DRAM 


concerning the 


example 


of this 


invention, and 8. 






















[Drawing 57] The 
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[Drawing 58] The 
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[Drawing 59] The 
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[Drawing 60] The 
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concerning the 


example 
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invention, and 8. 






















[Drawing 6l] The 
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invention, and 8. 






















[Drawing 62] The flow 
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[Drawing 63] The 
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[Drawing 64] The 
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[Drawing 65] The 
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[Drawing 66] The 
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[Drawing 67] The 
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[Drawing 68] The 
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[Drawing 69] The 
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invention, and 8. 






















[Drawing 70] The 


flow 
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showing 
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wafer 


process of DRAM 


concerning the 


example 


of this 



invention, and 8. 

[Drawing 71] The flat-surface layout pattern of the chip field of Above DRAM. 

[Drawing 72] Q is the flat-surface layout pattern of the unit advancing-side by-side period of the memory 
cell field of Above DRAM. 

[Drawing 73] The graph for explaining the distribution of the amplitude intensity of light when the phase 
of the pattern which approached is in phase, and energy intensity. 

[Drawing 74] An isomerism cloth graph in case 180 degrees (relatively) of phases differ like 
above-mentioned drawing 73 . 

[Drawing 75] The type section view of the optical system for explaining the principle of reduction 
projection of this invention. 

[Drawing 76] The chart showing the terms and conditions of the source for exposure of the homogeneous 
Ught used for the exposure method of this invention. 

[Drawing 77] The simplification positive cross section of the 5^1 reduction projection aligner of the 
example 11 of this invention which carried out aU projection lens systems in common using the tele cent 
rucksack composition by the side of an object. 

[Drawing 78] A is the simplification positive cross section of the example of this invention, and the mask 
test equipment of 12. 

[Drawing 79] The example of this invention using the two light sources which are not coherent to mutual, 
the simplification positive cross section of the step-and-repeat type 5*1 reduction projection aligner of 13. 
[Drawing 80] The mask or wafer , plan showing the layout of the unit exposure field exposed by the 
exposure method of above-mentioned drawing 79. 

[Drawing 8l] The simplification cross section of the step-and-repeat (the fight source which is not 
coherent is used mutually) type reduction projection aligner for explanation of the example of this 
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invention, and the exposure method of 14. 

(Drawing 82] The flat-surface layout pattern of single position **** (a mask or wafer) in the method of 
above-mentioned drawing 81. 

[Drawing 83] The flat-surface pattern view of the mask used for the method of above-mentioned drawing 
81. 

[Drawing 84] The example of this invention, the pattern plan on the wafer corresponding to the semi- 
period pattern of 15. 

[Drawing 85] The pattern plan on the wafer corresponding to other semi- period patterns of the 
above-mentioned example. 

[Drawing 86] The pattern plan on the wafer corresponding to the semi* period pattern of further others of 
the above-mentioned example. 

[Drawing 87] The flat-surface layout pattern or superposition flat-surface layout pattern of the on-mask 
corresponding to the pattern on the wafer of above-mentioned above-mentioned drawing 84, or the mask 
in a multi-mask phase shift method. 

[Drawing 88] The same flat-surface layout pattern corresponding to drawing 85. 
[Drawing 89] The same flat-surface layout pattern corresponding to drawing 86. 
[Drawing 90] The chart of the photoresist used for operation of this invention. 

[Drawing 91] The simplification positive cross section of a step-and-repeat type 5^1 reduction projection 
ahgner showing the exposure method which carries out division loading of the company pattern 
concerning the example of this invention, and 17 mutually on two masks. 
[Drawing 92] The superposition mask pattern view for explaining this method. 

[Drawing 93] The right cross section of the short form multi mask stepper concerning the example of this 
invention, and 18. 

[Drawing 94] The right cross section of the pair mask (pattern) aligner (stepper) by the single mask 
substrate which starts an example and 19 in order to explain the composition of the individual lighting 
light source of the aligner of each example of this invention. 

[Drawing 95] The whole 2-dimensional phasing equipment block diagram concerning the example of this 
invention, and 20. 

[Drawing 96] The plan of this 2*dimensional phase shift board. 
[Drawing 97] The cross section of this 2-dimensional phase shift board. 

[Drawing 98] The Hst chart of the crystal which has the electro -optical effect used for an in-phase shift 
board. 
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[0 0 3 01 iJjjc:, ±£■7;^^' 1 4rof^fi£:fri£SrfSiWc 

[0 0 3 11 •&fie5^;</7;^«««BS:WS, i56 
#tfc^. ^o4ffi±coif®ic:. fisjxrfl^J¥5 0 0~3 
oooAmSroc rM^^^^^s'^'y >^^fel-J:?)«ffl 

fi£t2), mitB-^ffWlHlJSvN'^-yPi. P2W^"^?->T 
-^(4. ^:(D-:^«|5iK^-;^-y©ii3t«lgtA^fcl4Jg 
iaSI®B©x-;?S:i£:k:tfc(4^/hLfc!), -^WIhIK 



i: ©^Sa?r t o t) -r 5 r i: (c J; o T g ibe<j{cf^fiK 

lHlSg/-?^-VPirogii^^B«/-?i5'->'S: 
tt;*:LfcT-:?t, [HlgS^-?i?->PiC>Sii^^BcoS 

[0 0 3 2] ±E^x^ 1 4 \m^^Mz.'mm^^^ 
10 ;^ ^$r^*tfc^'Jt^^3S^t(^fEI2lllc^•t•K3ti^la©x 

Yr-T'/'H 5 ilcfiltt** L. •7;^^' 1 4Sr^-077 

- 7 »c J: o -C^^SiJ $ i\,t:L-lJ<D% L i;iSMIE-M<^[elK 
/■<^-yPi, P2<^5*)(0-:^wi5iKv«^-ypi±ic 

^^'^-yP2±l-iE5Slcfi8l^$i^5J;5I^^T5o 
= 5 7-1 OSrSa^id^*. ■7;^^' 1 4^Jriiii 
Lfcil^cOZoWJtLi, L2»&ffiiSSi:V'>fCieffit't5 
i 3 iC'KfflMf^lSS&ff 5 „ >^ 1 4 ©fittSttofc- J; 
20 Ut-orojtLi, L2rofi[t@MwpSS:iESltCff9fCI4. 
Mxtf^^^- 1 4{C?g^^tlfcil5 (a) , (b) 
-rj:0''ct-M«{4a'a-t3*-v-i!'Mi, M2Sr?IJffl-t-S. 

^-iJ'Mi. M20^ix^:ix(4. m-e^«3tffl«At 
r(Djg3t««AtcJ;o-c^ffl4rffi^tLfc, m^\£JE:)jm 

Tt^5^l4, -7-^Ml5:igiaLfc3tLli-7-^'M2 

30 -fStOt?. ^'i^^3±IC|4v-^'Ml. M2<OSJ^^M;J5 
Jgfi£$ix5ri(4/jjv\ tfit>h. ^?:t^^3±•C•Sj^^fe 

fetJtLi, L2Wfi[+lll«liSti5jE5t»C/i$tvTV^5 

[0 0 3 3] r©J:p»cL-CT;^^' 1 4.©fi;BStfti* 
Li, L2<0fi[fflMW|SSEtS:tfofc^, ^^i'14»CJi? 

/ 5 lc^/J^ LT 3 ±lc:fi]^,L. 3 SrJiiSJ:;^ 

40 [0 0 3 4] 04 (a) tt. *lllE|HlK/<^-y PiiSJi? 
^^ixfc^l^lcJoJ^S^;^^ 1 4W»r®ig, 04 (b) 
f4, imm^y<^-y?2l>'^^^^^McW$.\ci6i)h-7 

\ 4W»rSia-efc5, 
[0 0 3 5] [elK^^•^->'Pl©Si§^^BS:Si§bfc 
K^Oit L 1 i: [HlK^^^-v P2<0SiifflJ|t B SrSii Lfc 
ia^«JtL2tl4, 04 (a). (b)tC7j^:rJ;9JC, 5 

^igJB(4. |5Ifg/<^f-yPi(D3ig^j^B»^iagP(0^< 

so Lrolg*il4^il (c) <r>i:.o\Ct£bo t¥oT. w^-g-fiK 
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*L;J5e?^/>3±lcfi?.lt$ti5t, ins (d) JC/T^-fJ: 

ro^m, mm (e) (c^^-fipjc, '^'i^^3±^cgj^$ 

[0 0 3 61 J; 5 i itJi 

^x.2)wi:lcJ;o-C> i'4SriiiiLfc(tm'«-o 
co^tLi, L2©fi!:ffi5:Si'MCiS*ai: L, ^ew^-oro^t 
Li, L2i&-^fi£LX'?^^^3±^cfia|^•t-S„ 
M&lKO^^^ 1 414, — :^0|Hl?g/N°^-VP2<^Sii 

Pi. P2^rfl■L-CV^5. ii6oT. ±iaS3tS«SrfflV^T 
ilE'v;^^' 1 4±lo:?i5^$tifc«ffl[Iil!§v^^->'Sr'i'^ 
^N3±(cfe¥1-5::i:(cJ:?), lHll^^-«^-yPi<oSii 
SrSi§ L 1 i lElSg^-'^- y P2WSi§^lSB 
5:gilLfcJtL2i:Sr-&fi£L-C'#e)tufcjtL(4, xOjt 
Li. L2<0|l#gi5-eTi?^L-CI5*-&5fc*, >>a:/N3± 

5, 

1 0 0 3 7 1 tSoT, 1 1 

[00 3 81 (.1) '^^(OU^'yyhmmi:o\c, -r 

0ij 1 CO I T'll, -oroi5iK^-«^-vSr!?3^/^±{cte=?f 
(00 3 91 ( 2 ) tif JtEWfiffi v'7 h&.^X'it^'Sl^X' 

[0040] (3) vy^^'iJcSl^^^W&ffli/^ 
[004 11 (4) iie (1) ~ (3) ICit), -7 7;^' 



JO 

(00'4 2] 1^6 (a) , (b) tt, ttfEHte^Jiro I 

mm • iron) •c-SjS, 

(0 0 4 31 ISHU (a) \Cifi-rm^^<^~yPiioj:V^ 
mm ib) l^.^1-[a]i^v■^<?-yP2ro^i^^:•tl(4, 

X'if^-rm^m^Atzom^mmAcoji-oxmm^m^ 
K/n"^->pi, P2r±, mm (c) jc/i^-r j; 9 J'^lHlK^^° 

• ^fetjj;t;?i^<^;a5si^fc^Li^Bgo®/N°^->'PA. 

Pb. Pc. PD^^?''fcS„ 151K-'^°;5'->PiroSil^^EB 

jgi§^«Bo»l, ^■«^-:/PDlc^:tv.mmLTv^.5, 

Pi, P2«^tv^:'ixroiSi§«JgcBSr35S:icge«Lfc/<^? 
20 —ybfi-oX^^^, 

(00.441 1217 (a) 14. MIS[HlK^<^->Pi*5Ji^ 

J5g$i^fc®lt^c^b-(^5•7;^^ 1 4ro-gi5»f®ill, 07 
(b) f±, fflElHlK^^'^'->P2!is?i^^$ttfc^«c(-*3 

«t5v;^^' 1 4(0-a5»r®ll|-CfeSo 
(004 51 lalK'^•^-yPlOSiii««BS^S^lLfc 

il^rojt L 1 1 iHlK/-' ^J' - V P 2ro;Sii^B« B L 

S^ro?tL2itt. BI7 (a) , (b) iCTj^f J:5»c, 

fi£3tLI4. mm (c) lCjp-rj:5»C7D<03tLi, L2(0^ 

/N3±lcRaW$iiSt. IrHH (d) lc^t-<t9lJ:. tcW 
)tLi, L2(0«l^gI!-C^#L,Ti§*-^5o ^<0^*, 1^ 
121 (e) lc:jp-rj:5»-,' e':t/N3±jcg^$ti5^o=i 

(00461 08(a). {b) mwMmmmi 

(0 0 4 71 mm (a) (C^1-[5]K^-«^-VPi(4, ^ 

SHfc, ^JxtfiE*?g«Si@®«cBi/!i^?,Ji5„ 
l^m (b) (C^-MH]K^^'<?->'P2©Sii^«^BI4, iHl 
^ - V P 1 roSig^J^ B ro^fflmcEtt $ tlT 

i/^5o iro-st«[Hiis^-'^-:^Pi, P214. mm (c) 

JC?i^t-J;5/f@^^^;5'-VP (^iS^) <^iBil,^«aT'e' 

1 4roFf^(D®0ftCff^©rtgPiT'iBtt$ixTV''5, 
(0 0 4 81 1219 (a) 14. mimm^y^i' -y P 

^^iitcmmi^i^^a^^^ 1 4(D-^wimm. mi i 

so 0 (b) (4. H^rlBI^]K^^°^-VP2aSJgfie^i^^:®«^c 
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[0 0 4 91 lH]K^^*i?-VPiroSiiM^BSr:gigLfc 
i:m»it L 1 1 ^m^<f'- y P 2<^Si§«S*le B iSrSi§ Ufc 
i:t<0)tL2i:tt, 09 (a) , (b) K7r^-ri:oic, 

fig^Lli, I^BI (c) lCS^1-±^lC7cW3tLi, L2<^« 

3tLi, L2«Jt#g»X'^^u-cil*-&5o "tn^M. m 

10 0 5 01 *|g|g#lcJ:oX;i$ixfclS?^?rll 

T-a* ^l^sgT'fc S r t ttv '« 5 * T- 1 )iv \ 
to 0 5 ll JW±ro!ft?gT'ttii: LX:^^m^\cJ:oX 

m^\c-o\,^xm^MLtci\ ^%mitzti\cm^^ti^^ 

(0 0 5 21 *ffi»Ciol/^-Cl^$tl,5^M<05*>, ft^ 
[0 0 5 31 J;U!5i§a«i4^f>Jt5^^0/-« 

<o^'i 5@3f SrSig b fci:^<0-owitrofi:ffi SrSv ^ic 

©3tj)STi^LTil*!)-a-9«T-, S]^^ro:ivh7:^ HAS 
[0 0 5 41 ::i^^cJ;'J. ■^:^i;<r>^^\c^izti^fSib 

[0 0 5 51 (2) %Mm- 2 

^mmm\c}o\.^xm7r^ ^tumoy o ^m-Wi t 

[0 0 5 61 ^1 ro^^ii, ^h,'^i\:&%^mixm^ 

^2aso/-?^->'iC'a:ft^(Dfo5/>/i< i hus^mc 



(7) 

;!|5S*$^^5*#gB(c-C. f^l(Dy<f>-y(D^^^i$.i 
m2 0^N*^->'«^Si§ffll^^&3ii§Lfc3t 

^2 <D^<^-y^m-mm±\cxfimmm i 

10 [0 0 5 71 ||2(7)^3t^tt<^5l?^T'(l, '>/i< i tSP 
h/iJt*^ 2oic:5^Si)1-5fc*<Ojt*^>#J^ai. 

^-V2ia'm2(^/-;^-y$rSi§tfcjt«5r*-Oit« 

Lx^B-r^^^^ti^L. mmit^^'yyhm 
kcX'O. ^\<r>^<'^-y^m^-ti>%tm2(Dy<^-:y 

[0 0 5 81 ^3 <r)n,%ijm(D^mxiii.. sfrism i ro-r 

:^^±romici/^^'-yi:||2©^>°^-y{c, ^:J^^J^ 

WMW^±.xmmn^<'&-y^v^^-r^ j: 5 l^o 

[005 91 'ifc', *?^^ffl»lCiol,^-C, 'Pt£< t 

30 [0 0 6 01 *^ffi{5iJlC:fev^r, ^^SiSirttME 

■f. 2owi||^|c»4tT-fc««S:'b^tffcroi:-r5. 
[0 0 6 11 ±ELfc^g:lc:J:ixtf« ^S^^•<5'-v©iS 
«iiSS*$tbS«lfgS(CT, mi<o/<^-yro2i@ffl« 
SrSilLfcitt. m2ro/-<^-yw3i§^*SSriii§Lfc 

r/H 2 <o/^°^-y-S:«fig Lfc-^;^ ^ ±<om 1 (O^N'^-y 
tm 2 <oy<^-y\c^ ^m'ti&.mm(Dh?>'pf£< t h 

(0 0 6 21 01214. *^?^0-7;^^'5rfflv^fcS)tigfi 
O-|^liS«ai-Cfo5S3fe3t^^Ogg6«fig0. 013-015 

.0. 016~018|4, ^ix^'tlffi0013~015{cM;£;L. 
v;^ ^ Lfc3troS*iio J:t;^a[5rjp-f§l5!0T?fe 
5. 

[0 0 6 31 *SiS«sjwS3t^B«:«lteWfc:>cSiJ LT 4 
so o©iU>y h?l^f>4oTt^5, mittv;^^:' 2 0 9IC 
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^i*^^^L».l^^3|£^2 i.^\md^\.xwM'r^^\^ 

[0 0 6 4] ^i(^^l/;^>Ml. ^^e^lC^it-uy 
h?i3t$:«t*'63taS2 0 1, )tM 2 0 1 ;!i-?)lllfc)t$:i£ 
tf5l£(f5^^:^^-*Vi^2 0 2. %^^^nmi^^y 
-2 0 3, 2 0 6. Alt)tC»"giS*S:Si§ L-gPSrSW 

(^-7 7: ^ 2 0 9^^?5(??2oo3i§)t$:^tT*(--r5fcJ^) 
(0U>'X2 01, 211. ^7-212, ^^—y^y — 
2 13. 3t5:fiS^h-r2»^c4?)CO^/M>:^X2 1 4. W^M 
1 5. pri)Ki|sF-&2 1 6-Cffij5K^tuSo 11460,^ 
U7t>'Mi. ^ 7-2 0 3, 7^ 7-2 0 4, I/V 
X2 1 0, JiU^^ 7-2 1 2 5:^Bi^1i:57 7-r^>h 
^^2 0 7, ^^O0J^a|[plK2 0 8;6^b«^^nTV^5o 

[0 0 6 5] Jlie^c^ov^T. ^ 7-2 o 3*is^a^*/55 

/J^S^c-r-5/ci^)^c^^^^^^fct>c^T*fo5;6^ ^7-2 0 
3S:^itr. ^^X/^'yl^^2 0 2^>?>^o^^^ESAl^U 
Tt)J:l\ /^-y ^y-2 0 A\±^^ y^^<>f^2 0 2t^ 
h<D%^2^\c^m't^m^t^h^ . v;^^ 2 0 9±CO 
^l(^/>'^->'2 0 9 a±(c:gEtt$tv5o ^ffii^^ 
^2 0 5li/>-:7^ 7-2 0 4^^7-2 0 6 t<^rBllC 
3^1^:^ 7-2 1 2 t^^-y^y-2 1 3 

jx. m^i:m'&m'f ^tm^t^hi>o w^yv^^ 

2 0 511, «;ttf^t^^;65l. 4 7(0^^:E^1Syy^^ 
ffil/^5o -^;^^ 2 0 95rESU. &ffiv'7h^«-2 0 5 
S:^^t/J:v^:t^ffi-e^7-2 1 2t^h(0^\<Oit%2^ 0 
t VVX2 1 \1)^h<D%2(D%'n.2 3 1 (OffiffiS;^^ o (C 

[0 0 6 6] 

[fc2] d=m^/2 (n-l) -(2) 

(m:Sic) ^ l>/cfc<^^ffl(/>5o 

[0 0 6 7] hlfP«-2 0 5S:fflV>5(0tt, 

h»$t2 0 SSrSigUfcJtt. W^'yy yW^2 0 5 5: 
3ilbTV>/j:i/>3ti<0P«1(ci 8 O^cofttlSSr^l^^-fr 

*0. 3 6 5 ^1 m (i«) . >ia!:ffi '> 7 h ^fPIt 2 0 5 (OS 
tFf^nSrl. 5tUfc^tCH:, ficffi ^> 7 h SP^- 2 0 5 
(7)i¥$Xill. 0.. 3 6 5 MmtOm (SSc) fgl^-ttltffi: 

[0 0 6 8] ^ 7-2 0 6ii/^-7^ 7-2 0 45:Sig 
Lfcjttttffi^>7 hSfP*t2 0 5^giiLfc3t$:W^^l-^ 
^ycl^^)<0^ 7-T*$)'5o ^i-^. v;^^ 2 0 9±cci2o(D 



7^ 

/■^^-y2 0 9 a, 2 0 9 bii20(0^3 3 0, 3 3 1 

[0 0 6 91 u:/X2 1 0, 2 1 1 (lii^. ^rCO^tttC) 
4^^D^5^tl^:'iX^^^->'2 0 9 a, 2 0 9 bO^'.C.^i^ 

Sc-r^i^f-Eg^ixSo /^-^^ 7-2 1 3tt2o(0 

7t2 3 0, 2 3 1 *^J*-r5fc*Ot<^X*S)^o 

2 1 2\^^<D^^<Dtz.^. %2 3 0SrSff!)ftlf5^tg;6> 

[00701 %\(r)3LV:^V\-\z1)^t--ir7^ 

10 « 2 0 7 lisjtisarojt^^o b itm-^io-^i^m 

mm^^hili„ llI12lCtJV'>-C(t, 5 7-2 0 3. /^- 
757-204. L'>'X2 1 0. St;5 7-2 1 2Sr^ 

-r-5, Jfefc. ;ic077^>>'h««7O^»jSr^Ji»1-^ 

[0 0 7 1] gcIC, ^2(0:iiU-;'>hT'fo5*^igro-7 
y'ii!' 2 0 9««fi£^COt,^Ta§^-r5<, 
20 [ 0 0 7 2 ] * T , WmMW^ 2 15 ±T'f^ !9 fcl v:?;? 

(BfM'-«^->^) ^5Ig|l3 (c) (Dj:o\C2^7iim£ 
i£;4S!9 5r^1-5. jSL!??i^O^-?i5'-V2 2 9-efe5.»r-t- 
So g|13 (a) . (b) \a(Olof£mm.^^^-'y^W 
■5fc*(c-7y;^ 2 0 9±}Cj|^^g$Jxfc. '^tl^tlfH 1 O 
X^ — >2 0 9 a, |g2W>'^^ — >2 0 9 b©— 0il<O5p 
mmvh>). M«^2 1 ST-'&^^ixSMM^^'i?- 
> (c) Sr%IttTffl»fi:ttM«5r«l#LTE«^ti- 

[00 7 3J ||l«/<;J'-y2 0 9 a ^2ro/^•^- 

30 y 2 0 9 b t , ^tu^r'ixiijt^^ t Smmm t 
tt:roS«±lcf^oT*>g<. X^*t^**v2ftro;tf7;^S 

[0 0 7 4] mn (a) WSil-'^*;?->'2 3 2ttiS6L^ 
m<D^^mi^i:tLXii'0 . 013 (b) 

« ©iiit^llc 2 3 4 ;iS^fJ hH. 2 3 6 Sr 

[0 0 7 5] get, *seqrof^^^co^,^-cml^•r5, 

[00 7 6] '>/j:< t tgB5)-W(c=it-uy h/i)ti52 
0 lii^hmtz^fi^^ :^^^>'-f^ 2 0 2\z.l'0m-fhh. 
5 7-2 0 3T-3tKSrSr'5fttffc^, /^-7 5 7-2 0 
4(Cj;oT2o®3t*»r^S"]$tl5, />-757-20 
4fimn. Si|5 0%, KM5 0%rotw (ifJM^lC 
II. Rttimt'S'&mi''^Ll'h(D) ^5ffli,>^4x5o 2-3 

so H:, fefti/^ Vmi2 0 SiSSiaB^HTI-^S, ^rW-feffi 
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'yy Ym^2 0 5 5r3i§tfc)t(l 1 8 Q^<r>^^m:¥^ 

co^N'^-y2 0 9 blcRgft^Jx^o /^-y^y- 
2 0 4^Si^Ltc%{t^y^i^ 2 0 9(DMl(D>'^^-y2 

[0077] v;^^20 9 ±\cm^Lfc2 :^m(Oy<^- 
y2 0 9 a, 2 0 9 b^m^Ltc2-D(D%^\tn^U> 
X2 10, 2 1 UCj:f9¥tT)t*{C^tlfc^. 
5o -f^it:*^. ^l(0/-^>S?-y'2 0.9 a^rSigUfcUl 
03t 2 3 01^^7-2 1 2(Cj:oT3tfS^*f*9fttf e>ix 
fcm. 1 l^Sfc^2C03t2 3 1 

7-2 1 3t;:J:^^^$tt*-(^3t^{::$n5o 

[0 0 7 8] ^(^^. ffi/huyX2 1 4 5:ffiV^T. "eitt 
f*3fJF^2 1 6lc:{|:1^$nfc«ll+K^2 1 5(c-7;^^2 
0 9±C>2;;(;Ff<^^^^-:^2 0 9 a, 2 0 9 b;55>g^^$ 
i^^c^^^T*lt^^tl. Wl*l*3isf2 1 5 JbT*3fM(^/>^^ 

[0 0 7 9] rwT% 013 (c) \C7f^LtcmW.^^^-> 
^l&^t^t^K^ %\<D^<^-y2 0 9 a b%2(D^< 

^-^2 0 9 b(Dm^it^i 8 o&om^m^n^x^ 
[0 0 8 0] s-f, tfr5Ecoj:9(-. m-^^^niMxx 

2 0 9<^||lC)/^°<5^--y 2 3 2Sr. "^W^^-y 
2 2 9<^^^J:f9^>LZ£l^:^^5r^U. ^(D)^m\^m^ 
mLi^ir^^<^-y2 3 2IC«^t-^o ^:LTm2(7) 
3ii^'?<5^-y2 3 6>&. I^i:<^/hfg^Sr#ltU-C^l 
2 3 2;5i^b*i6'5^a^^"^^V2 2 9 tl^lC 
:fe§$<0«/^^-y2 3 4^5H/^fc^:$^c:T-t5^tt 
(0Sii^>'^->2 3 6 t1-^o 

[0 0 8 1] r(Oi:^(c«^-r^ri(cJ:i?. **:)^Fr 

a/^<5^-y2 2 9cO/^a®iS2 3 8(Cfi, ^2(^3i@/^• 
^-y2 3 6^^ib(0Si§*i, 2 3 

2(7)rtffl(0^t^®^2 3 6;!)^?)(^3ig^ti:255^(0^j^lc 
J:t9§|46?)ti. mm^<^-y2 2 9(DmW^^'y^-'f 

K-f^Zbfi^X^^. ^tz.\ Fra^^^^-V2 2 9(1^2 
^7)^^^-y^aIJc^iiM^S2 3 4 i. mC:k^^<Dmi(D 

fj:^. mn (c) tC:fo^l>Tll. ^<Dmit^$tlX\f^^^^ 
i:^^^UX7^^L. ^8&L-CII*?>ix5a55>^Sl^®«2 
SSXTjklX^^. mis (a) , (b) tnRMo^<^ 

[0 0 8 2] E116 (a) , (b)- ^itli*tl, -^y^ 2 
0 9±^^^l(0/^•^->2 0 9 a, ^ 2 COz-^^^-y 2 0 
9 b(OY-Ymmm^7r^LtzmXh6o n^2 6 2ttS 
??^2 6 3tlffiK^FStt$:^to.gll6 (a) , 

(b) il^n-?ii-7;^^Si§iE^(^^c7)}gfti5:7^LT:fo 
19, ^;^;5'<^#>^«Oigii®^2 3 2 t2iliffl^2 3 6(C 



75 

7 hafl-2 0 5^SiitTl^:^c^(/^it (a) t(Dm\aX 

1 8 o^(D^^m*^±cx\^^^zt^*^t>f)^^o laie 

(c) i,tMi(Dy<^-ytM2(0y<^-y^m^L. '^ 

, (0 0 8 3] 1 ||l^Dz^^-y2 3 2(D^Xm^t 

^-y(Dmmm^^^'xfj:fchf)^fj:m^\cfj:^ ^ ^(Dm 

U\C:$o\i^mi§^^2 3 e^gigL^cl 8 OS(OfeffiM 
10 ^Sfo5^2 4 2;i^ g|13lC:}ott53iiffliS2 3 2S:3il 
Lfc)t2 4 0C»iiiatcE«$ttTV^5fci!:). ^i^tcJ: 
•9, *i66Ffa^>°i5^-V2 2 9(^^#ai-*5'/^Tili^)'a' 

::^yhyyhf}^i<m\c^W^n. m^&^xxfmm^ 
t^±mc\^±'r^ (iai6(d)) « ^^mt. 

(oStJi^i^, lilie (e) ic^-rJ:9(-iEfliJlcste$ji5o 
[0 0 8 4] Z(Oio\c^mMm(D'7y^\cxh\i^ * 

/^'^-V&^:^^2^k7^z'^^->' 

'r^Zt\ci:y)\ 21lf:5z^/j:Jj:i!)>^^^t^mm^<^- 
y(Dm^U(o^^i^^--f\ci'^ Z t fi>X^ 5o 
[0 0 8 5] /cC4b\ -^y^ 2 0 9{C|^, ^l<Dy<^-y 
2 0 9 a t^2(Dy<^-y2 0 9 b t <^>^:S^^:>-^i:S^-r 
3o ^fzi^<Dum^'h't'7-i:^i^m^$tix\^^^o r<7)fea 

. ^bii:v"^(cJ;(9tirE77>r^>'ha«2 0 7(DigiJi 
[0 0 8 6] m20{t. z.:Ji3m\c^^'ffcy<^-y<D^W^ 

II, (a) i Cb) iT*±<l^-«Ag, l^-c^tB»fi[B 

40 m^h^^-^it. Ty^?^ymm2 0 7(O&W:^fy 
'^\cS^^ti6l^7tm-r:^^ 2 0 9\cm\^hh^o t 

^j:t>h. X-Y^<D2^7z(D&:m'^t>'^lli^m^^tl6<0 
Ztlh-^-i!^ hX-Y^(D21^7t^mC!S^^mt^ 

[0 0 8 7] z(D'^-^^mi§ucmi§%^. ^o^m 
mfi^i so&x\ ^mmm-iEL<^t>^tix\.^im^ 
i(Dm^^m±±xmyt^titch(Di:^~-t^£bo 

50 mtc^titct^. ^■^^►^^5^TLfc:ii:fc-rixtfJ: 
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[0 0 8 8] m^^ ^'m.-&(oh^fsiE\cyi\^x. ^± 

^Vh«8«2 0 7^IE®I$-frT (a) b (b) iWfett 

1 0 0 8 9 1 ^Ute^jo-^;^ ^2 0 9 

[0 0 9 0] 0l2(c:^-t-;*:|l:ffi^»jro-7;ji ^ 2 O 9 tt, 

iiSff^^^tt, ig3t^iaAi:Si§«|lSBticj;o-C»fi£$ 

[00 9 1] ®iiicisLT(4, ya%iiy7.m^h 

»®±IC« ^Jx(JiI$5O0~3O0 0AS(OCr^i5» 

■5, OI,^T\ ;iWr^JiS2 6 3<D±®JC, ^JxtfO. 4 
~0. 8 Mm(07;«- h Uv^;^ h (KtT« U'v';^hi:V^ 

^fiwA«(slK^<^ - Vr- ^ JcS^i/ ^xm^ 

[0 0 9 2] »:V^T% 013 (a) , (b) 

He (a) , (b) (0/<^-:^5rg?-rSo 

[00 9 3] (a), (b) ro^<i5'-Vr-i{'li, ±12 

5, ^^xtf*llife0iJlcfc%vTtt. (a) ttii3t^ltO/< 
^'-vfSSr, WxliO. 5~2. O iimS*5)-B::j (b) 
ttrixSrjuWx-^roKfer-^' i:^a«<J: 1 5 r t (c 

[0 0 9 4] ^rWS, 3f^lfB^^«^3'5"V^', U 

v':^hw^*, ^bfcift^, t^S^Oie^lrg-C, 11113 
(a), (b) tC^Lfc/<^-v5rW-f S^:^^' 2 0 9 

[0 0 9 5] croJ;9(CUTSSjg$nfc-7^^' 2 0 9^^: 

ffl^,^-c^v';^ hi!)5^{+$nfc».lt^2 i 5 a;iT¥ 

[0 0 9 6] -r/<ej3*,, lili2w8S/hSi^g)t^HJc^;^ 
2 0 9fcJ;t;(?3i/>iS:iBi!L-C, v;;^i'2 0 9±roft 
- VWlSli^*^6<jlc 1 / 5 \m>h LT 

/-±icsig-r5 title, ■5rit)^-&2 1 6lc-c■>^:/^ 

Sfrticior, ^^^^ 2 0 9±rofta(5iiS/-?^-v 



(10) 

[00 9 7] i^:{c*||ffi^j(c:i4^;!i^5-^;^^'©tero#iJ{c:o 

[ 0 0 9 8 ] 11114 ( a ) , ( b ) 
;5^5-7;^^'(7)ggP«^ei2lT-fe'9, (a) t (b) (i^ix 
i'ixmi20-77.^ 2 0 9(D^1, ^2^^°^-yS:^L, 

M#S^<*#L-C5>ltfc¥H121T'fc^.„ /ifc (c) tt-g-fig 

10 (e) itmu\C7f:Ltz^7.i'(Dm^^i$i:Si§Ltz%(0 

[ 0 0 9 9 J m 14jC;T5:f-||;^^J| J^g/N" ^ - V 2 4 8 ^5 
i®2 4 4~247 i5^|6llC-9i(ca£^ J: ^ I d^jttf} 

~2 4 7©rt, «82 4 4. 2 4 6 ?rffifig-f 511 K^^^;? 
-V(0gia^lgc2 4 9, 2 5 0i:i»2 4 5, 2 4 7 Sr« 
20 fiS;1-5||2(?3o°^->'<^'iii^*S2 5 1, 2 5 2iSr3S 

ax^-y2 4 85:«^t5^iSW+P^||«2 5 5|C# 

[0 10 0] 11117 (a) ~ (e) lC*i^^T^roH^5:^ 
m.^<^-y<r>^. iSI 2 4 4 . 2 4 5 (O^^^Srgt ffl L1tm 

2 4 9SrSiiLfcit2 5 6 i:, M2(^^^•^-yro3^li^ 
JSlc2 5 1 Srgii Ufcit2 5 7 tW^llCl 8 OSro-ErffiH 
;iS±i:TI/^5 (017 (a) . (b) ) , SfoT, rtlb 

<0i^2 4 4, 2 4 5rol^(^ffiJS2 5 5{;i*5V^Tiai7 

( d ) W 2 5 9 . 2 6 0 X7r.-r%<l)^jii1}i-K\.^\C=^mc 

J; 9 ff*>rB L-g- 9 r t ic/i (5 . 017 (d) XTf^tiio 

3tS1'iWffl^2 6 l;SS:*:#</.c5„ ioT, 0l4tc 
7n'i-f^2 4 4, 2 4 5 roKW®«WtDl,>Tv'-f-y/i^ 
#<S:fl?fi£-t'5ri:A5T'#5„ >iib\ 017 (d) llTi^Hir 

[0 10 1] r.c0^m. li^^c^^'^-^'OTfij^^roai' 

40 ^ggS^;k:i|@lc:|Si±$-fr5riiSprHei/f5 (017 

(e) ) , 

[0 10 2] *iliS0ijicj;tutf, m^<r>^<^-yi^. Wi 

^ili<t 19. H^^te2t)C7EW/^^^^->(7?^^fc^5^i^/^l^ 
50 g^&>:*i»c|6lJb^-e:5rii5T'#5, 
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[0 10 3] m^:^W^\^fi''t^i>-^:^^ <r)^<o^<om\c 

[0 1 0 4] 015 (a) , (b) (4^:tim*^M{C;i^ 
/!i-S^;^i!'roggB«^|llTfc!3, (a) b (b) 
^•tulill2C0v;^^ 2 0 9ro||l, ^2^>°^— V?r*L, 

Sl«Sr«^$Lr:5^ltfc¥BiaT'fc5, ^itJ (c) tt-g- 
fiS;$tlfcffa''^^'->'W¥BlllT*fc5. mis (a) ~ 
(e) (iEli5lc^Lfcvy;^rogi§®^5rSiiLfcjtro 

[0 10 5] }^mMm<oWiW.^<-S'-y2 6 9 It, iE*Jl^ 
^j^O-v;?, 2 7 0 O^Hfca/hf-y/^;?-^ 2 

[0 10 6] z.<r>i.ot£^ 2 9:.7t^<^-y2 7 0(Dm'o 

ro^/hf-y/>'^-V2 7 2^!SgS<te¥-r5<;3Srt¥Jt5 

•v;^^'(cfca>-ct). •7;^^'±<offi^fi[g(c^^l/^■C. ^i 

2 7 0 i:|HlC;*ct$WSii^«Sr#-t-5^-«i?-y2 7 4 
i M2©/N-^5'->'!S:l?fam/K<C^^°^-:^2 7 6 i1- 
5ri»cJ:»), mis (a) ~ (e) -C^l-iplc. -7;^ 

■k.%2nt. •ErffiC/7h«P«-2 0 5-SrSi§LTV^/il^ 
3t2 7 8 t«^i^lCl SOgro&ffi^iS^D {|ill8(a), 

(b)) , z.i\,hn%ii2ti!.yt^<^-yiim-^<^'-yi: 
rora«^®iit2 8 o-cTg^-rsrttcj:"?, i^iyN^icg 

(Ell8(e)) , 

[0 10 7] ziih(0'^%m\ci)^i>^h-^:^^\^i.i\'\-i. 

[0 10 8] ^%<Dn. ^fa^-«^'->'<offlS;SS^*$i^ 

fc^t, m2ro/-«^J'-yro3ii®^SrSliLfc5ttiis^ 
UTII*S) ^ J: oK^ % 1 ffl/N*^->SO=^ 2 (r>^<9 

[0 10 9] S^:, 2^0)y<i'-yimMLX. -g-fifi^ 
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[0 1 1 oi mmm^mi>TMm£\i'^(Dx\ 

[0111] EJl±*^P^#JCJ;oTife^ftufc^e!5:|lli 
[01-12] «sjxtf, *^l^«■7>^^!'Srffi^^fc®3t*)£ 

^ - y Sr-a-fiSSitt 5 i 1 5 r t fc -e 1 5. 

10 113] WjboSlBJ-Cttii UT*^?^#(CJ;o-C 

mw.<Dm^tm\cr>\.^xv!m LtdK ^tucn^^ns 
[0 114] *ll^s^aJ(c^b•l,^Tgg^$J^5«?q(0 5*>ft 

J: o T# fens^^SrlBi WcSi?^-rntf 7 
[0 115] •f^'i^^*), 3fa/>*^?-VcofflS;55g3ji$tu 

. 112 ycoSii^iSSrSjiLfcJttAST^t 
•CP*S9 5 J;5ic, wlfS|glro/^•^-y&ot^2(0/^'^5' 
30 -y5:#|fiS;Lfcv;:^^'±wBi(^/^^-yt^2<0/-?^ 

[0 i 1 6] ■ i&if2xmmLt^i:^f£2i^<D 

[0 117] (3) mmm - a 
iii2m, :^^m(Dm&m • anm^mw a : s^/hs 

fit 3 0 1 Sr^-f, 
( 0 1 1 8 ] I3121(C*JV>X, &ffiv'7 hffiffl 3 0 1 tt, 
®3tggO)tM3 0 2iffiW.MIfc^3 0 3 (^^i/^) t 
OFp^lc^l^tjixfck'-i. - ici?;^y?y^^3 0 4, 5 7- 
3 0 5. 3 0 7, 3 0 8, ^-^-^ • 5 7— 3 0 6, 3 1 
so 3, 3 0 9. ■ 5 7-3 1 0. r« 
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1. -^fO+^UVXS 1 2 a, 3 12b,^/hU'yX 
$i^^>^^^->roI^H;^i5Ji?i5E$^^fcv;?.^' 3 1 4 (XII 

[0 119] 3tM3 0 2i^h^±Ltzim (iSft3 6 5 
nm) /iifrojtLll, e-Aai:?;xy^>'^^3 0 4{Cj:o 
Ti£:;*c$tl, 7-3 0 5Sr:^M.T^:^^ 3 l 4 

5 7- 3 0 6 5::f(- UTititf S^tLii rtvi 

7-3 0 7SU^^-:^-5 7-3 1 OSr^UTS^^ 

JtLitM'JcSSKSriio-C-^^^ 3 1 4WSilOffi 
Bfldlt^ixS, •'f;^^ 3 1 4cD^/^5®3TSr-giitfc 
Z-oroitLi. L2l4> uyX3 12a, 3 1 2 b $riii§ 
Ufc^, ?7-3 0 8&0^/^-7$7-3 1 3<Jr:frLT 

A^$ti, XYr-://i'3 1 eilc^aSftfe^tifcttllt 
^3 0 3±liig^ffil=f$ix5, 
10 12 0] ±Efi^ffiv'7 ha#l3 0 1 lCt>l/>X«:. ^> 
-7 5 7-3 0 6 5rai§UT*»P)^WitLi, L2<^3tK 
fi-i^M'iSfc*, -7^^ 3 1 4ro±®^»ib=— 5 7 
-3 10t-C'COig$ (JtL2«itK*) SriExSCtt^ 
ioT, !?^^^3 0 3lcSliiLfc*Li, LzOmcWiS. 

3 1 oroSK^Sitt. tsjxli. ffmiiJ?^*i^l-J:53tK 

[0 12 1] m22(t±B-^>^i' 3 1 4O»r®<0fe:k:iiiT* 

fe5„ rrov^^' 3 1 4l±t(iJAtffflJf*l. 4 7Sg<^ 
SMj'i'&fi£5^;(/7;< 3 2 2^;i^^Ji'9, ^:<D±ffi{C5 
00~3 000Ae^(D^jS:<lr;ft-r5C r (^nA)^ 
O^JSl 3 2 3 ;4Sm^tuTl^5„ K3t(C^UT«;^iS 
13 2 3 (IjtiiSS® L/i i/^«3t®^A t ij . ^rWffiO 

[0 1 2 2] 023 (a) , (b) ttiE-^:^^ 3 1 4± 
(a) \C7Fi-^^y<^-yPiti. m^'ik<0^^y<^- 

y (c) w-HB-efot). Sfe¥^«sSil«figp=&g 
#tilLfctroT?fo5, (c) tc^t-@^^^^-yp 

214, m^'^(0^^y<f'-> (c) ©-giS-efciJ, ftte 

vpii: P2i4, •7;^^' 3 1 4(Dm-m.<Dmm\cm'^<Dmm 

T-gBS$tLTl/^5„ ±E1123 (a) ~ (d) |C:^3V>T, 

3 3 1 tts i ^^^m^Xfi^t'^^-y^A'm (Si) 



(12) 
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^(O^^i^Sm. 3 3 2ttSi02^, 3 34 aXtJ?b 

lijKy s i, jjfyiJ-^ K, v'yf-'T KXtty77^ hy 

-> ^/U^i^fj/iSy- h«SX(±Ei», 3 3 3 ti^(D± 

3 1 4 a±roMpvN-^->, BB&^>*BD«:1^:/ .•■^^^' 
3 1 4 b±roMP^-«^-V, PASt;'PcttiS^fi5''-'^-> 

(0 1 2 3] ?>:lc:±sE-7;;^^' 3 1 4 a, brof^fife^feS: 
3 0 0 OAm&<DCTmi:^y<-y'^Vy'!fmcliomm 

y^&f^fiS-rSo MiE-»<D|HlK^N°;?-yPi, ? 1(7)^^9 

- ^ i Wl^aaSr t o (9 1 5 ^ t tc J; o T g »i6<j{cf^ 

yr-^(4, I51SS^-?^-i^Pi©gii^l^B©/'«^'-y 
Srtt:>!:Lfcr-^i:, IsIK^^'^-y Pl(??Si©^«Bro 

[0124] ±S-v;^^' 3 1 4 ^cf^fig$^^fc«alH!K^^• 
30 •^'-y5^^7a:/^3 0 3 (021) itds^^-f •51^(4, ST 
«®(C4> h Wv';^ h S:^* Lfc 3 0 3 5:*frfElll21 
»C7j^1-®3tySS<OXYr-7'>'l'3 1 6±(C&ttSt*L, 
■7y^j5'314 (314a&Ot314b) iSr-?:ro77'l' ^ 
Vh^(-fi^tt*»t-2)„ v;^:? 3 1414, vn-7 5 7- 
3 0 6(cj;o-C:5^fiJ^nfc-*-03tLi/4satrE-5it©[Hl 
K>'^•^-XPl, P2W5*>«-:^«|5]?g/N"^-yPi± 

%y^^-y P 2±J-iE?tlcfig|^ $ 1x5 J; 5 Jcff't 9 o 
icri— :^-5 7-3 1 OSrfiiE^ib^ii-, ffO^-^fig^ti 
40 5ttc02oro)tLi, L2«^ffl;a52^,^(ci^^at/£5J; 

ilS:#ltUT, 2oro5tffiM^T-t5;<i^t't)/h^<fc$ 
x5, v;^^' 3 1 4(Dfi[ttft*S0!Zo©jtLi, L2ro 
'KffillWPSSriESfetcff/i 0 ictt, «fijx.tf-^:^ ^' 3 l 4 
»c?gfiS;$ixfc025 (a) , (b) Jc^fJ:5'j:->*«fe 
fi-g-j3-ti:-7->Mn; Mi2, M21, M22 (Ml nX^ 
») ^&?tJffl-t-5. ^-^'Ml nl4, ^^-e*«3t®l^ 

5. -r/i*3*>, Mi2iMiiXt;M2iiM22«^RH'fel4 
50 ■t'^XWi—Xh'bo -^T.*; Z\ \ (3 1 4 aSO^S 1 4 
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b) (Ofit^*tjtLi, L2«fiffiM(D|SSi:;i5tt^&t 
Ji^tlTl/^S^Ii. v-^Min5:3iitfc3tLii:-7 
-^M2n?rSi§Lfc?feL2i:tt> SV^fc^j^L-g-oT^ 

Ml, M2dW$ix^ri(4;il\ •t-/.Ct>*., !?i^^3 
0 3±-C'S^^Mi, M2(D^n-^m\t^Z.b\Cl^ 
Xs ■^T.i; 3 14 (3 14 aStJ'S 1 4 b). <n>l^WSkt> 

lO 12 5] ■77.i?±<Dy<f-yPi, P2«{£a-g-*3-& 

lt^*^3 0 3(DSE^g (1323) {cMlt^^-txmsm^ 
iiS-fs. rwnfitt. *%fi^^««3 1 ICOJESM 

to 1 2 6] C:WJ;5(CLT-v;^^'3 1 4©firggtit)i: 
3tLi.. L20&4BIS«PSt?:fT/£ofc^. v^^'S 1 
4lc^^$tlfc«a|5I^g^^°^'-:y(0Miii?r, 
6«)IC1 / 5 (cSI'h LT iJ' 3 0 3 ±1^©^ 
3 0 3 -y^m^^Wi^-tfii^ b±fe»f^$:^ 

[0 12 7] |i|24(Dx-^tt. mn\C7^ti:o^j::t:y • 

° , 18 0° , 2 10° lC/<C.5J:5«vv;^^±rog|^v' 

/VN'^-y-tj£ 0 . 3 5 ,1 m, ;i = 3 6 5 n m 

(i^), NA=0.42, ^N'-v'-f/P • nt-UVv' 
-0=0.3, l^i^'^^ h Tr I 7 OOOPJ (Bi'ffcfig 
ttSl) . &^mmt5 : 1 iil|;^r J'/^• TRAl 0 Ij 

(Bimmm) xhi>. 

[0 12 8] f£is. ±E« J; 9)^1:0 

X%%-fhiry ■ hfeJCioTtSST' 
;iU 5 0° ~ 2 1 0° rB^wgrMrofil^JiS J; 0 \m 

[0129] *llffl{»jtOT^ Lfc J; 0 IC, rfiffi 1/7 h 
j£j (::^^l/^T. MS: (2n+l) jt ; (nttS 

[0 13 0] /it;, WTro|llfe^JlC*-rfi:tBi^7 h5:# 



(13) 

[0 13 1] (4) mm\ • 4 

[0 13 2] 126(4, 

wmjCiEffE^T'feS, PmiCfc-V^T, 4 0 2l47KffiT 

10 • 7:^7", Tk^^-tyy -T-^ ■ 7V7°©iJS^ 

(3 6 5 nm) , 3^^~>-r • U—f (2 4 9 nmXI4 3 
0 8 nm) 4 0 3 \t^m%i/^^^. 4 0 

A(iQaitL^mmmc2m\-t^tLt>(D%m\ 

ffl/N-7 • 5 7-, 4 0 7 3^^054 0 7 b(4^ixm:»' 
L2SrSl=t-r5fc*05 7-, 4 0 8(4JtLi 
(CM b-C«5tKft»S0'-7^ ^ t cO&S^(Ofc*(D 
= — t • 5 7- • T'ny^, .4 0 8 al4tfrg»='— f • 5 
20 7-, 40 8 btilgp::'— :H • 5 7-, 4 0 9143— ^- 
• $7--:/n:y^4 0 8(Offil!)»^S. 4 1014^ 
L2(-ilLTW*KfiSiJWwfc*0 3i— :h . 5 . -/ 

n:^^', 4 1 0 a(4^:«Htrgl55 7-, 4 10bl4^a3 
—r • 5 7-, 4 1 4 a(4, ±•7 7;^', 4 1 4 b(41h7' 
•-7;^^, 4 1 2 aSl/4 1 2 bl4^tt^'ixjtLi, L2 
(-m-fSMSSfi^UVX^, 4 1 1{43— 5 7- 

4 1 0(OKii|iJ(»S, 4 1 3l4Li, L2lcS:-g-^UTL 
i:1-5fc*(D-g•^effl/^-7 • $7-, 4 1 5(4-g-fie3t 

L Sr^^$-S5fc*(0^gi5S^l/yX^, 4 1614!? 
30 x/N4 0 3^XY:^iPiic#l!i$*5fc*wxY;^r-v' 

[0 13 3] *|?a(^)i()f^(4, «rlE€-||@(0^tUtlJlS 
IB)-- efcStD-C, ^(DWiW^^(D< i)t^^U-iUi\i^Z 

[0 13 4] (5) Hfttaj • 5 

l§?^<0£.^(D#j|t-(?(4/ii/^:ii:l4, v>5*-et>^fi/\ 
[0135] ia27&t;028(4*|life^8| • 5 CO i igg^tl^ 

[0 1 3 6] rix?>ro0lC*JI/>T, 5 0 2 (4jti®li5-e$> 
9, S^ffi7K«7-^7y:^xi4dr-feyy7kffi7y>^«l 

fe(^)i,^ (3 6 5 nm) <D:^^\^ait^7 -( /\^^mRU 

5 7-^ii»e>'i5. 5 0 4 ri*-X(4i:|Jc« u-i^x (-g- 

so J5K^^) i|^»?>/i5 3>7>f— • U>'XXf4u:^X^ 
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■CfeU. •r:^^\z.nLX'r-7- (Koler) WM^M^ 
LTi^^So 5 5 • $7-ffiT5S9-a-$ixtit 

8 0 aH:±3tS:LiS:9 0° lilfil-rSfcfecD 5 y-S, 
5 0 7 b«:S'l5t«L2Sr9 0° ^ifij-fSfcftro? 7- 
B, 5 5 2 aSU^S 5 2 b(im^*ttro^«5 

5 1 4 b(i&S3tX«^fe?^^•^5'-V?r^■r5iv7^^!' 

5 6 1 bll-f:ix^'ixO-7;^^(0*-/uysu^Ztt (ittt 
*|S]) JkXIXYn^^<r>Wm^^WLXhh, 5 4 0 a 
&O!5 4 0 bttLi, L20JtK*SrlSS-t-5ri:lcJ:!5 

4 l(4^i^tC0iga*ft?fc^)o 5 6 2 aXt/5 6 2 bli 
m^'ti<otitiWt1&^uym. 5 5 4(4itBSfiS^fflO 
^2(07'yXA ('g'Bg:^^) , 5 5 3 b(lL2^90° 
<g|6]-f2)fc*:)«{il6l7°yXA {^^^M) « 5 4 9 a, 

5 4 9 b, Sr/5 0 8 bH:^:ix^*ixfilPl$7-S. 5 1 

<D^^^y^-yS.7—^Xh^„ Zny^— 75.7-5 I 

3 11. ^feo^^SlJffl/^- 757-506i: mmoii^m^ 

t-^o 5 1 5liSitfflWgmS]^U-VXp. 5 6 5H# 

'6Srji5#eiIi*W**D?)(0|e]tt) T.'f-'^. 5 7 7«:Z 
ffi (l&ilW) *|6]OSili;^T-v?. 5 7 8(13i®(OZtt 
mi^®.^ <0 <C5*¥«PS¥®. 5 7 9 llXy^r- 
i/. 5 8 oiiY;^r-i;r*fc5, 

[01371 m29t±±W.:^f- ■yy«D&.:^mWL^^Si 5 4 
0 a WgggffifBUlT'feSo Pg|(ifc-|/^T. 5 4 2 aSt/ 
5 4 3 aH:'g'fi£5?5;«/7;^«. 5 4 1 a tt^tit^cOfSPi 
s@S¥^S. 5 44 att^feM-^n-X, 5 4 7 a ttil;^ U 
■tf>'< (Reservoir), 5 4 6 a a:t—7,7' ^ 

;^;55jE;^ Hf 5 4 7 a Wf^ffllc J; U -SiS;'3lc<* 
545aM:547a iM^^^y^^tti CI i IC J: 0 , « 

10 13 81 il30|±±E;^r • T-r-i/^ 

^>«±ffiElT-fe5„ ^(a(Ct^^,^■C. 5 0 3ll^@5t^'jc 
5 7 6«:^?i/^ - 5'+3':J'^e;^r-i^, 5 7 711 



(14) 

■ Z ;^T-v', 5 7 8 a ~ c (47K¥SsiS#g; 5 7 8 Og 
m-ktit^Zmj^mmm'f-. 5 7 9(4Xr-7'/K 5 
8 OllYr-y/PT-fe-5, 

[0 1 3.91 *;^ry/-?(0g)t«jf^<SriSiBJt5, 
t-f. ±vX:J' 5 1 4 aSU!gi|v;^ii' 5 1 4 bcOiatS: 

©JtK*AST'#5fc'|tlsl-lc/i5 J: 5 (c-rSo HJc^^ 
;^^'i:^':t^^5 0 3±©=§•>^tJ^;•f5;^WW3tSS*;5^ -t? 

||<() = rt'^©fi:ffi^-ti: (^W^, •SL-'mfih\-S.n<4>< 

[01401 {arta^cOl^Slt, lll29{Cjj^1-Ja< . 3tK* 
SfJt^^ 540a XII 540b <OJI $ ^ i: IC 

iUHtrl-S, tfiioh. «^«5 4 2 aSr/bWFflO 

20 [0 14 11 HI-, Xl>3i^>(0ftt^I^6l4, 
maojc^-f J;^/i3;*:WfitPS^S5 7 8 a~c (!> 
i^^(D^•a'. X, ■^;^^'co;^'bl5lJimw«ffifiJ;5) 
iciJ; U Ztt*ifi]lc#Ki$-frS- itcio-cUff-rs, 

(0 14 21 ^SS^W>'Xip5 1 5 (11127) tt^tlS 

562aX«:562b i:^®S^UVX»5 1 5(^Fb^»C 
U-yXI^S 1 5 ttt»JJC-7X:J' 5 1 4 aSabWifi^lC 

flfrsi&^u>xi¥5 6 2 a^io!b;iSfc5®-e, as^i^i 
(0 14 31 (6) mmm- e 

(2 n+ 1) 7ttDffi+aS^Jrtfc-ttT-&fi£L, 
14, 5 : lS|/hS]^CO^ro!>i/N±w^-fe(cjg|[LT 

/T^-f, m^<^-y\c-:>\.^xmmxmwmitmmm. 
<r>m^t:^t>to m^<^-y(omommco\>^xti. n 

(01441 03m||J6^| • 6 AOmSA 1 7 Y > (ffi 
lc[5]^/<e/^'y^iSS7^'>, 16^7: hy^y, :^V'J 
yT't^glP, JKy S igHi^XH:y-h7l'>, iKyf-'f 
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) IWlIlltCiol/^-C. 6 0 1 allA 1 y-r>^(^»i^ 
-r?)±v;?.^±(^Pap^, 6 04 dSti^6 0 5 d(i[^± 
'^7.^(D^xiJ>m^i^^Wt%. 6 0 2 bSt;6'03b 

Alio. 3-0. 4 Mm. ^feBlil^jO. 2 m m. ^*ffiE 
llfjO. 1 /imSS-Cfo5o 

[0 14 5] m^2\t:^m^m' BcOiv;^^Si;iilvy^ 

PEKc^^v^-c. 6 1 1 aiti-^;^^±(^zi^-/^ (Wp) 
(C?a'jJ;-r'5glP^P. 6 1 2 dll[Rl±-^>^^±(0ii3t|fU, 
6 13b/6 14b, 6 1 5 b^it/6 1 6 b(iSi)-7>^^ 

[0146] gi33miiaiiiS0*j • ^B(Dmmxh^% 
t^-^^^ ^ ^<^">xh^o mm\c^^^x. 6 13 

C, 6 14C, 6 15C, RXJ^6 I 6C\tmQ^i^^%< 

[0 14 7] m^m^ti-^x(omtmm't<Dmfi*^mn 

6 2 1 ali±v;?::^7±(^WP^, 6 2 2 d (^±-7;;^; 

f&mx^^i-Rmi/y^mM^\t±xm^^x^mm 

^\Chtz^o ) , 6 2 3 b, 6 2 4 b. 6 2 5 b, 62 
6b. 6 2 7 b, X0^6 2 8 btt^tU^:'ng|-^;^^±(^ 

^y<^''y/j:if<DmiLmy<^-ytfj:^o 
[0148] m2S{t±mm^m - e D(o^jF?gi] - 6 E-e 

fe^>o [^litC^ol^T. 6 2 1a tt±Ell34(^ 6 2 1 a IC 
^f^S-f^i-^^^ic^MP^-^^-^^. 62 1dfl|^i-7 
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:^^±<D "L" ^MP(Ori-^rtt|coilSJ/^^S5rK 

' y<^-yX^tVT^-t) Xh^. ^^^1^-rX(l, :n 
y^^y1^^0^:tli:I^l:'Cfc5o 623c, 624c, 6 
2 5c. 6 2 6 cRU^ 6 2 7 c tt^-^(^i§SiJ?i^/h 

m±i-^tcib\c±'^^^ ±:\cm\'fhhtc:^yy^y^\c 

gP. 623b, 624b, 625b, 6 26b, 627 

b, Ru^6 2 sbit^ti^'hyy^ ./^^-y {Rum 

[01491 Ii|36ll5IJ6W ' 6 FU^m&A 1 IB^^'^^^' 

t^gi-^:^^ 'y<^-yxh^o mm\^i^v^x. 6 3 1 a 

(iA lgB^lcmt^±-^^^±(^g|Pg|S. 6 3 8 dS 
t;6 3 9 d(l±v>^>>±C7)iijK$|5, 6 3 3 b, 6 34 
b, 6 3 5 b, St;6 3 6 bllA 1 Ei^tC^oT^^v^ 

. y^xh^o ^^mmmmc&tmcxh^o :ioy< 
20 [0 15 0] lasTiiSIJS^J • 6G(?5S-^;^^St59I-7^ 
hfc^o W\m\cj6\^^x. 6 3 1 cd::I^://^>'i^t LTf^ 

^-r^mu^^^-y. e 3 1 davT^—^tbxrfm 
t^mm/<^'-yxh^. zhhath\c±-^:^^±\c 
m^ihi^^x^^. -^m^-tm^som^oy^^-ytmcx 
fe-So i<om<DM.\cmLx\t±mmMm' QF t^<w\ 
cxh^o 

[0 15 11 m^SnmMM6H(Dy^y ' TV K- 
30 — • /<^—y(Dtii^<D±'^:^^RV^Wl-^:^^ • — 

lRlll^C4B^/^T. 6 4 1a, 6 4 2 a, RJJ6 43a 

liA 1 - /'?^->'ic»iS-r5S-^;;^^'±(0^ttW 

p./N-^-ygp, 641b, 642b, RXf6 4 3b^t 

^^j'gBp. ixtt^y^v ^y^v 'v^y 

'y<^-y) , 6 4 5 d, 6 4 6 d, 6 4 7 d, RrjG 
4 8 dll±v;^^_h(^igfflKgPT*fe^o ^ftll. y-^yR 

40 [0 15 2] 3j^i^(0^ll. H 

[0 15 31 *^ffi^J- 6A-H-^>^^ •/>*^-y|l. 

5) \if)^^x^j:<. ty ' -^^^^Qi^yy h (io(o-v 
y^^±{c^n&&4> = 7z(DR^mm^^t^yy^ - 
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[0 15 4] (7) nrnm- 1 

[0 15 5] 039115 : 1 ^/h^T^ y 7^ • 7^ K • y t** 

I^El^C4b'l/^T. 7 0 311, acixtf, 8 

^y^^^fsS i . 7 0 2ll^7:3i/N(7):ty:i^^^ 

x-v^a:/ • yyyV^ 7 3 lXt;7 3 2(1. 

!9 3tfig|*$tl^^«T-¥^S*ffltti:^)(/v5^ ) . 73 
3-'7 3 6lirtU/5i-?.^^$tt^^*^i[®7tffliST^fe 

19. :ico««il±S!>^/^7 0 3<^±ffi<Dl5(£^a«^ 

[0 15 6] E|40(l^^y I C(0^(7)*{i83t«ig7 

3 3 ^^f-5/y|iJS7 2 1, 7 2 2Sr;f'?'yFBl®«7 

[0 15 7] Ig|41'-E&UJIl|44'-Hll. ^rlx^'ti:*:^?^ 

Ei4i&T/Fgitc:}oi^T:n. 

TKft^. -T/u^ - -^;<^(0^*1, )tK;55i^^^X2*lc 

[0 1 5 8] [il41'-Elc:4QV>T, 7 1 4ll2}?v^M--7^ 
i!^. 7 4 5llv;^>^ 7 1 4C0Wp^FB, 7 1 4 

i^:/X^Xte(^llffi^Jlc^^ixTt/^5t<o, 7 0 311;^ 

4 2it^<D±\cm^itifcA\mm^<^'-y. 74311 

±±mK:^t'yi-\c^^mm (0.6/im) ^ix/t^Kv^ 
Vm (uv^^ hicoi^^Tll. 3IJS«?*J • 1 6# 

[0 1 5 9] [il42lCi5(.>-C. 7 4 eilUv^;^ hJ^7 4 4 

[0 1 6 0] (a43(C^b%^T, 7 4 7(11/^/;^ hJ^7 4 4 

[0 16 1] 044--[ilHlCt5V^T. 7 1 4fl^;<f5!'^^ 
7 5 5ll^:c^g§PXtlSjt^<^->'. 7l5(15fei: 
[slC^/J^g^uyX^. 7 0 3il5fei:[^i;j:9tc;^ry 
/N(?5[>^^N-;^r-v^(ceS*$tirc4^^^l>^^>. 7 4 
1 ^t(D±^±\cM^^iitzmim. 7 4 2 fl-?:<^±(c 



(16) 

(0±m\c:^^<y^ ^J>^\cX^m^^htcA\m. 7 5 
4 ll^:<7)±{^ff^^ (^*) ^titcm^ 0. 6 u mS^(^ 

I 0 1 6 2 1 El45{CiDl/^-C. 7 5 4 X ll/^">5^-^y 

(0 1 6 3] IiI46^C^^l^-C. 7 4 2 xdl/v^y^ KJg7 5 
4 x$:v:^>^i: LT>'-^<5?-^:/^$;h.fcA I gBH/^^- 

[0 16 4] gl48El^ctl^L(lEI54ll:y-r> • 
10 (Cj;5CMOS-;^>5^r>< rx^RAM (SRAM) (^M 

[0 16 5] MASity^y- 7'Pir>^{Cj:^n 
SO^p e7^/uffJ^yn±;;^5:^-fo [^Ia^ciol^T. 7 0 
3(ln-SS (mm) > 7 6 0 n*lnS 

(.0 16 6] [ll49(l^tu(co-5< ^- Mmy^±:^R 

20 ^T'niry^^Tj^-fo [Rllil(C^Dl/^T. 761a'-cllLO 
COS^^kK. 7 6 2 p^it;nliy-hKftJg. 76 3 
p&t/nll^ixm:EKy iyy • hmS (X(1:eJ^ 
yif-TK) . 7 6 4 pSU^nll^rtimpSISOJnSifi 

[0 16 7] gl50|llMPSGJgBj*yniry^5t;^2 

^C4oV^T. 7 6 5lliraPSGJK, 7 6 6(1B21/Ky 
SiSaH. 7 6 6 r (lSRAM^^yir/U<0:ft#ffi{n[i: 

/c(r5=EKy s iigffittT^feSo 
30 [0 16 8] 051(15 OGIC J; ^5FJa>fl:yn-fe:;^Xl/=f 
h • 7}N-/U3i(l>^yru-7j>-/u?g^rn-tr;^5r^ 
-To Pg|lC^DV^T. 7 6 7(1S0GJK. 7 6 8 a, b, 
d, St^eilS h . 7 6 8 

c(1^2lzKys iSa^t±liOy^/U-/^-/WT*fe 

[0 16 9] E!52(l^llA lSa/Km7^nir>^$:^ 
-To |p1E1(C*5(.>T. 7 6 9 a-ell^llA iSBUXffe 

[0170] 053(1^ 11 A 1 ^±(DMrmm!mm 
40 yD-t;^st5^2iA iga«ijgj5gyniry^^^to mm 

(diJl^T, 7 7 0(l^llA 1E«|±<0SFb^J6^^, 7 
7 1 aiS:r/b(l;^/U'-Ji^-/U>J:^LT. T1(^A 1 SEH 

^tmm^tircm2MA\mixh?>o 

[0 17 1] msA{tm2SA\S^±(Dyr^i-/i^' ^< 
7 7 2^yr^i'/^'y<y'y^'-'ya>mxhio 

[0 17 2] liI55(l±ESRAM<^^y7'¥&T<OU'^ 

hi^t±^mxh^o mmK^^'x. 7 2i(if- 

y-f. 7 2 2(l>^y --fe/U- 7 2 3(lI/0 
50 0]^, 7^1/^ -x^-^^ K^fflU&U^S^iiHK^ 
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[0 17 3] ±ESR'AM(^S^^n-fey^cf^(^ 

7 P 1 1^ n ^7^/Ut/<f5-<#gP5>«^^»S1-5i 5 
tc. S i 3N4^ (a«±) h ' y<^-V^W. 

^f-^XS. 7;e-MS7P2I^Pf*^^ 

yir hXS7P3lip f?:x/wf--^jti;u ■ ;^ 
/>;^^-^y^i-5Xe. • hXS7P4(^y 

h XS 7 P 5 n f- Y^>'^fflt-y- h 7 6 3 n 

t::uv^;^ h^^r/^^^-^^^^l-'SXS. pf^-y^/i--^ 
x^ h XS 7 P 6 liigtC p ^/Uffltcy- h 7 6 3 p 5: 
.-7;^^{cp§!;p»&i^^>f ;^>'aA-r^/cJ6(^. n^^^ 
yufiijlcuv?;^ hJg5r/'^^":^y^-f 6Xg. zjf y s i 
;^ hXgy P7tt^2lga;^7 6 6X(iii5Stn:7 .6 6 r 

l^^Wy^ti>XM. R7;t hXS7P8li7Ky S iiSS 
in:7 6 6 r (11150) Al^U'Jt. VmX^mi^fz^mX^ 

^xm. nv^^ h - 7;^- hXS7P9(lg«. y-.:^ 

• Kwv^is. ^iflzi^y s ii. m2m^^v s ii 

^i^llAlE^'(Al-I) hSrt^ 
fcibO^y^^ h ' ^--/i^7 6 S a'-- Q (11151) 

#/>?^--:y^-r'5xe> AI - I 7;^- >XS7 P 1 0 
(11152) (iA 1 - I ^^<^-=^y^'rbtzi^<oui>ys h 

* /<^-^y^ '-fxi^T., >^/U-d^-yU' 7;*- hXS 

7 P 1 lliA 1 - I h%2m^h\^Wi<o^m.^h^ 

vsTj^j^^-r-sxe, A 1 -ii7;^- hxs7 p 1 2 ms 

3) A 1 ~U(Dy<df'-^y^O:>tl^(D h ' 

-r:y/XS, ^^yr^>i:^'^<iyh''y^hTM7P 
1 3fl7r-rt-/W • /^Vv^^-v^a >'j^7 7 2{C:f^y'f 
' KtcStfSt^ 10 0^ m:SS* (OW P 

[0 17 41 ^flh(0m%y^^:^O\^, xi^^}\^y ir 
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h7PU n^-y^/l-7;^ h7 P 5, p^f- ^ ^J\^y ir Y 
7P6, RXI^->'f^y^'^<y K- 7;^h7Pl 3tt 

[0 17 5] ±Elll47(7)^tim^(0^^7'airy^ 

/i'f-^;^^fefti/7 hfej XU^ '^7.^m^'yy 
10 [0 17 6] Ill55(^;^^y v^/ b 7 2 2 iJ^SH 

[0 17 7] (8) mmm^ 8 

llj56/^V^UIll70|l*^P^iCj;5 1 6MDRAM(7)yD-{r 
;^ . 7P"X*fe^o a*^ft/^-/H10. 6//m, 

, :y^§?>^yir/K Locosmim'j^mxh^ . 

W^*®c±. :y-r:/- i>^/^CMOS«j^. ws i2^y 

f-xC K • tf 5^ h)^. ws i 2/T i Ng|IS:ffll>fc2l 
20 AX^Xh^o JeilT^^7'Dir;^^c^D^/^T^t. 7;^-hu 

^xs, «®Maxs^(i#ig-r^o . 

[0 17 8] [1156lty>' (P) (^-r:*->'trii^iCj:5n 
-[^^/W^i^J^T'nirT^^^-r^fSlllT^foSo l^lllt-^51/^ 
8 0 3 ItPS-eSfel* 1 0 Q • cm ( V-^<> V^t- 
n:/) , ^y-S (10 0) ;S5^®(^S i *;gfa^7^^^ 
■Cfe^o 8 6 0\m\^^^mm. 8 e milKSv;^^ 
T*fo5Si3N4^. 8 6 2(t/'^^$^-^:x^JtLfcI/i^^ 
MT-^f^ryft-iicO-^^^^^iLTf^ffl^^o 8 6 3ttiT 
30 iA(Cj:oT^A$tlfcP (yy) tCi^n^^^ii/l^iS-C 

[0 17 9] Iil57llzjfn:x (B) <D^ :tyiS\h\^i:^ p 

-^:^/m^'f^±^^7f^'rmmmxh^o mm\ci6\^^ 
8 6 ^\mmt\z^^xw.^^Mcm^mts \m 

(Si02) > 8 6 4 altiiaiHlKOp 8 

6 4 b ii^ ^ y r p f>^/i^^-c$>So 

[0 18 0] Iil58itp+S^t^/^- 7^ h:y/^'®J«(OB 
(d^'ny) ttA-t5?gj5g7^niry;$:^-r^ffi[l|'efe6o 
[p][lKciol/^T. 8 6.6 a'-dit p^f--V^/U • h s'/'^ 

T(OSi3N4^. 8 6 8ll^:<t->aA-^^^i L-C07 

b • ui/^ vm. 8 6 9 a&u^bit^j^- vmtmxh 
[0181] [ii59tt LOCOS mitm^w^^ Lfz^m-^ 

Tf^-t^^mXh^o ^m^^^^X. 8 7 0 a-eH:LO 

cosm\mxh^. 

[0 18 2] 06011 yv^fts i vm^Rnni-^ 

Ku^>B;S7'ciir;^^^tl5rffi[llT'& 
-So [^miCiot^^T, 8 7 1a, 871 cRXf% 7 1 d f± 
so nt-^^>'l^FET(^>>'- hug (PK-7'-3Kys 
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i ) . 8 7 1 bttpf-^^/UFETc^^- VW& (P K 
-7"- /Jf y i/y =iV) , 8 7 2 a-'e(in5'-^^/Wy 

[0 18 3] (iieittf-^ K • ^ ir-^m^m^frfit^ii 

ir^^-efe-So l^lglfcioV^T. 8 7 2 xXO^yl^P^-y^ 
/u- y->^ • Ku-Y:/^®. 8 7 4llB>f :r>^ffiA-7:^ 
" i^'i: LTCO^;*- hl/v^;^ 8 7 5 a'-dttf-^f K- 

^^-^\^mm: (s i 02) -efo^o 

10 18 4] (gl62mFplS i 0 2r#i^v^3 y - T'nir 

T^fe^o l^Illlc^^l/^T. 8 7 7 aii^y s iS (y y^ 

iP) , 8 7 7 blii/y f-^ K (WS i2) IKT*. rtl?) 
\±^yVU^m^^^. 8 7 7 cli:CVDlCj;5S i O 
2. 8 7 6ilAs tWhmm^ (r^Kv^i/a 

V) $ilfcCVDICj:^S i 02JKt?fo^o 
[0 18 5] 111631^^ ^y - ir/W^-^^^'i/^(DiaSiJ« 

l^[iK::4b'l/^T. 8 7 8I^S i O2IK8 7 6St;8 7 
7ct~Wtfi:^^0\m^^tlfz^^iO2m. 8 79 
a Xt)^ b (1> •=£• y ir/W^ v-^ (7) WJSffii /<e 6 

y .s i«ffl^r*fe^o 

[OJLS 6] tg|64l^^^y ir/^'CO^-^^^v'^(^te;^<^* 

-r»fBEIT*fe"5o lRl[a(-4o(/^T. 8 8 0^±^r^^^°>^^<^ 
^mi/ct-SS i3N4«a5g. 8 8 lliT^U— hSffii 
?i5ifeJ!lP7Ky S i^fflK-C&So 
[0 18 7] E165(1B+ (4^n>-) fTiitc: i 5 p ^ir^ 
/UFET(^iiiJgay->^ • yi^^y]^^y^'^^t:7f^t 
^Sig-Cfe-So |Wliaic*5l/^-C. 8 8 2 aJSLU^bllB-r^^- 
[0 18 8] liI66«:SFHlJ6^(^y 7n- • >^ntr;^5: 
?3^-r»rffiE|-Cfe'5o lRlIl!^c;fo^^/^-C. 8 8 3 a'-f«:BP 
SG (Boro-Phospho Silicate Glass) f^lCl^U 7n 

[0 18 9] |gl67l^v'y-y--r K (WS i2/T i N) E 

->yt-r K (WS i2) (DW\i^mmfi^^^j:^'yV'^^ 

[0 19 0] El68ttl^PSG (Phospho-Silicate-Gla 

ss) mmRxi>^/\^-^--/i^m^^^±^^7f^twi^mx* 

&i>o [^laJ-fcl/^T. 8 8 6 a'-c(i. PSG/SOG 
/ P S G 3 l<0«ajK;5i^ b ?i 5S ra^fei^T^fe 5o 

[0 19 1] [i|69|i^llA 1 Ui^(Dm0.y^±^i^^ 
1-frSiaT*fe5o 8 8 7 a'- d 11. Tl 

COT i N^<3':7r^i:±l(OA 1 (A I 9 9%, S i 1 
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%SS) Em (A 1 - I) TfcSo 
[0 19 2] EI70tt±lOlP«lPSGJ^X 0^1121 A 1 
Eigl'(Al-II) ?i^^ynir;^5:^-f^EBlT*fo5o 1^ 
0tC:fc(/^T. 8 8 8tt5fe(08 8 6 a-c iriH^TltP SG 
/ S O G / P S G C> 3 1 (0«aM/!i- ?5 51 W P S G 
T^fo-6o 8 8 9 a^!:Ufbli^2aA 1 (A I -II) Eig| 

[0 19 3] |gl71l^±faDRAM(0^:yy±(D@Kl^^ 

T^mxh^o mm\ci6\^^x. 8 2 n^f-^/y^w. 

10 8 2 2 aXU^bli^^y TU-Xll;^^y • ir^U • 
8 2 3(^ill3aiHlKa5 (:^H>r^>^;^^V 
tf) Tfe5o 

[0 19 4] ia72l^±iaDRAM(0^^y 7l/-Oir/U 

LTV^^o I^Iil(^*5l/^T. 8 71cliy-K;^. 872 
dlin§!y-:^XttKU^>^^i^. 8 7 7 aSU^bttt' 
yhB. 8 7 9 a(i>^ h U- - y-K (^ft) . 8 8 

20 [0 19 5] ri^?^^0la^cS-5^/^T±EDRAM 
[0 19 6] ±i50ia<ff^ 0. 7iiim-'l. OmU&(Dp 

ms i^^^B^^^^irmmL. doo) mcm\^^^<y 
cto. ±fauv=;^ hoy<^57-^y^st;Tl<os i3N4 

v^;^ hK8 6 2^$:-7:^i;^ t LT. n r>:ii/U^i|Ei: 

i±^m^LX. S i3N4Jg8 6l5:BK«^^^i:L 
T. n-^^i^/US 6 3±(Cj^mK5:iit'^m-r5o 
S i3N4M8 6 1^&±®^*L-C, Iil57(C7j^-rJn< . n 
[>:i:/i-_b<0SJ>fl:Jg8 6 5^-r:t>aA(0-^7:^ i LT p 
r>^/Wir/j^5-<^^fP^(cz}^ny (B+) ^rffiZ^tf. iSk 
(C, (N2r:^-yu) RV^mmt 

40 ^(.^«bJg8 6 9 aSU^ba£WCS 

8 6 7 a-c t-r^o i<0'^. 

?^^o^.^-f^^;0-<7)*feJcJ:l9S)^; (^3^7^0-1-;^ • 3) 

n ^7^yU<0±ffi:^S;65ui;;^ h8 6 8XS^o -tco 
'^%X'f^^-)\^y^ V y ^<}lflh'<t^^^ 6 6 a- die 
iKny (B+) ^-Y3^^^aA-r5o ftlCUi^y; hK8 6 
so 8 5:^S^*LT. S i3N4®8 6 7 a-c^-7 7^i:'i: 
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Lx. mmio\zmm}\cy A-'^vmims i o a 

-^^mmt\Ci.'OWy^ti>. i^lCS i3N4li8 6 7 a 

-ci±mu^. Ml-. mm^m±.nm^mm^ e 9 
a&tj'b llrLl/^':^- vmrnz e 9 ast; 

b^ffS. (12159) , 

[0 19 7ll(C, :^®(i«iICVD{Cj;9, li i^^AP 

-/-hm^S 7 1 a~d5:/^°^-::^v^^•r5 (060) „ 
iJciCn !;7iyW±S:L'i^Xh^8 7 3 T*teS (^3t:/n-tr 
-tr - 5) UT, ±iS#'y-b«gi:Sefi'&6<J{C. ng=- 

■^^/uFETwy-y^ • Y^'<ybfa^iW$.^ 7 2 r 

a~e{C'(':tyftAI-J:») y (P) ^ ^tV^^K-f 
•5. Uv':^ h 8 7 1 b5rl»*-r5, St. 

6) U 5feilsl«llCp^-t;^^/UFET(oy-;^XttKu 
-Yyi/i^S'^t^^S 7 2 xSl/ylCJt^oy (B) !Sr'l' 

(11161) o MIC, <iSr^©f-i' K • e';*-- 
• ^- V S 7 I a-^d<omm\^f-^ h' 

■ 8 7 5 a~d=S:gaS'&6<J(C?gfig-f 5, S 

IC, igeit^-f-Ji^lC, p^^^/VgpSrU-:/y^ h 8 7 4 
T*«S (E^t^n-fey!. - 7) itl^^'^^i' tL 
X. tm (As) S:-r:fyaAtX, LDD (Lightly 
Doped Drain) (D0,m^mi^^fii-nmmi$i:lB^t 

[0 19 8] lie, mmc7Ti-rx^\c^ mecvdicj; 

!9:i:SICS i 02)^8 7 Q^mmtio 9:l-*ii£©fflP 

8) . p'^-y-tr/ucoif y hi^tSfirony^?^ ht/^S 
= h •5^--'i'SrN^gSS-^«)lcjg^-r5o 
®lc;H!; Si, WS i 2MECVDS i 02Sr«SlClia 

(S^t^n-fcy^ - 9) if 
:y H»8 7 7 aJtO!b5:"^N'^-=y^'-t-5o H|<Jr 

•9 s i 02m^mmb. yf y vmmif&mms tsx 

mo (12163) . iJct^^y-tr/Wy^ hi^-v/ • y- 

ft*LT (git^^ciir;^ -10), Si 02^8 7 8& 
tJ'Tl(0S!{t^?Jr3: 5/ ^ y ^^-r 5 r t ic J; o T M P JI^flK 

Km^t/i5'<#3Ky S il^Srliffi-fS, HlC:feii<^J}? 
!) S i^lcyy (P) 4r'f:^-yaAU, Stt{b7=:-/l' 
(N27=-yu) fttau. hu-v^.;^ h5rffi« (Sit 
yn-fe;<-ll) tT, E63COJ; ■3lCX hu-v' • y- 
K8 7 9 aJ^OtbSr^^^-^V^'-t?). ^:©Ss l^v';^ 

[0 19 9] HIC, ilj64l>:^-rj; 5I-, ^^r-^'^^v-^'IfeM^ 

±iBS i3N4S:-|SJ¥$S-C-K^LMSt-5o M 
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. y s iKS:«fflt5o 2)<:fc> ^hh(Dm±Kui/^ m 

• 1 2) vTi^liiO^S^jrJJ^y S iRXfS i3N4JK5: 
fi^iU-C. ^ + ^^•v•^?|gml^8 8 Oi&a!:/>—h8 8 1 

[0200I Mic. El65t^-f J; 5 I-, yi^:^hmX'Q 

^^^/^u-^^m. m%-f^^:^- 13) v^'f^ 

JV%<OS i 02J^8 7 8$r^*-t-5o ^feWL'v';^ 
10 h^rl^iUfc^. SSnf-^^/UlfBlCUv?;^ hJgS 8 2 
aXtJ^bSrft* (^)tynlr:;^ • 14) 
i^tLX. pf--t4^>'l'FETOLDD«ig«iaJggy- 
• K^'I'V'Si^tJfeS^t^i^lC^'n^ (B+) =&>f 

^l:rofc*c9N27=-/uSrfT^.e 5, 

1 0 2 0 1 ] lli066(C/T^-t- J; 9 IC, ±mK S i O 
2)g, BPSG^Sriifflb. y 7n-lcj;t)3pjfifl:^tf 

^n^ii) m%y^±^ ' I 5) ri:lcJ:!5 3Vi?:J' h 
20 *-/U'8 8 4 a~e^S:?F$^^5„ JSicle:, pf--t^/'UgP<0 
±B5ry;*- hUv'X hX-ftS (^*7"a-fe>^ • 1 6) L 
Tiol/''T, n^y-:^- KW vro^V^'^ bT?f|5lc>f 
^vaA (y» ICJ:?) n+SWn + ^y^^ 

hu-:^;^ hT'^S (S3tyci-tr;^ • 1 7) ut:*ji,^t:, 
pSJy-;<- vro^^^^' bTSBIc-r^vaA 
(B) lcJ;9 p+S(^p+="V^^ h^lS<&?i5fiet5„ ± 

PSG)g8 8 3 a~ f wy 7a-(Ofc*«0N2T--/U 

(0 2 0 21 HlcmsTco J; 9 ic, ^BlcTtfiT i Ny< y 
7riitBE^lWS i2 (^v^';^rv • v'yf-'f K) 

*UT. ^ao?FJiltlc^^^-=->'^' (^jtynz-lr;:^ • 1 
8) U. ^ixSr-^y^^'i UT, i^y f-'T KgaiS8 8 5 a 
~c5rK7^ •^3'^v/lcJ;t)?gj5S;-r5o ^<o^, ^ 

[0 2 0 3] MlCllleSlCjl^lC, PSG/SOG/PS 

G(Dm~^^^-r^m^ p s G^^mmmi^ * ^ 

40 v^;^ h • -fu^Mci *) (gjt^^D-tr;^ • 19) Icj: t) 
;i5'<##3fW^|.5r Uv>;^ hX«S Lfc 
*^^T' K 7 3: y f V ^1- 5 r i ic j; 19 ;^ /u- *-/uSr 

(0 2 04] MIC, ia69(Oj;5IC, A 1 - I tfj:^^^ 
TlffiT i N^AOtA 1 (A 1 9 9mM%, S i 1 

fi*%) Sr«aL, ^ro±{C;^#- yn-&;^|cj:i5 (S 
*y°D-ir;^ • 2 0) ui^;^hi&Algai6lt^.C'5'<#liS^ 

±<D^\mL. V'7-( ■ :r..y^yir\cX*) Al - 

8 8 7 a~d5:/^;?-=y^^Jg^f 5o ^^S, l/v'^^ 

so hmi^.^-ri>o 
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[0 2 0 5] ltC|g]8 0(OJ;51C. T'yX-^S i O2/ 
SOG (Spin-On-Glass) /T'yX-^S i 02*^31^^^ 

2 1) (CJ;i9 t/v?;^hT«gL.fci^ffi-CK7^ -^yf- 

.$rl^*-r^o A 1 -IIi:/^^-<^A IfBiglS (A 

1 9 9%S i 1%) 5:^Blcft*L. ^:co±cOgSiSi ?i 

• 2 2) uv^>^ hJ^^^^-r^o ^ti(cj:i9. CKOUv^ 

A 1 -IIEI^8 8 9 aS:U^b5:?i5^1-5o 
[0 2 0 6] ^JEPSG^ (^'r-f -t/U • 

2 3) (cj; 19 Vm^^^t^o :L<r>v'y^ 

[0 2 0 7] J6l±co§S*:/niry^(^[^, ^feft^JtCtt; 
H/^^ft^^^^^tiSS^tT'nir:^ • 2, 4, 9-1 
1, 1 5, St^l 8-2 2lC>^LT(i. ^^i^t^^Uffi 

■fjz^ic, p^^yru-as 2 2 a^ii/bi^jaHKs 
2 3<;ojR1-5¥SrNllc;k:#/£as>^#/^9^lcii. 

t^^^-Qh^o X. g^tT^niry^ • 9, 18, 2 0RXf 

• ecDm^SRXJ^^MM • l 5(^[il84-IE|89/^ 
if) h& (fi:ffiRe'>7h 

fe) ^j:if;d5;^a-efo5o 

1 0 2 0 8 1 ( 9 ) mmm • 9 

[0 2 0 9] glTSiiii^cofirffiiy^ ^C0/cei^^^:^^±60 
eAcJ^f ('j7a:/N±^|[ESt) (l/.Ctl^c2O(0g|P;i^?5C) 

5 : lCO^/hS^^^ff^(rofc^lCtt, fete^0 2- 
(^l=A (f.7i)S0XI^^:ixtl^^/.^t§tcft. 

[0 2 10] roj:9^cC»?iJ£Sti(0SJ^^tcJ:5<i? 

^(OFn^Mti^ U-I^- (Rayleigh) IC i oTiJ^tO i 9 IC 
4^fett5o 2 0(DiSS^O^gt (^?^/^± 

mg) ^6 t-rSt : 
[0 2 11] 



(20) 

;i 

5=0. 6 IX ■•(9,1) 

NAj 

[0 2 12] X^m^m^:. NAillMtJ<^S 

j^^oNA (Mp^) -efc^o 

[0 2 1 3] yttxtf. iiSO^^>&%;t5i: A = 0. 
3 6 5 Mm. -^JxtfNA=0. 4i:/^i9. 6 
^0. 5 6 ;imi:/^5o SfoT. 073(0 J: 5 t-iSft ir 1^ 
(^fi|x.tf A(?5 2 0 0%-5 0%) (0-^^<n^^^-V 
10 ^S^Li^irl-^ir. 2*^^;65>g^^?(:UT^glT^t?i 

[0 2 14] I1174coj;^{cSgf 6 2O(0WPF^T 
(03t^lc>atl^7c (Xll^:tii^«) (ffiffiS 

[0 2 15] 1117511, • 3 0j;-9lC±MPi:gi|gg 

t)<o-e$)5o i^iaic^yi^T, 9 9 \ \m%%% (Sft 

A) . 9 1411-7;;^^, 9 2 1 afiil^P (#iJxtfli|23 
(a) (OBa) . 92 1b(±Mi)WP (^f*JxllEI23 (b) 

(OBb) . dii (^7^^^±m^) ^ix??MPr«1(0EBI> 

1 t^sr^io^K. ii, \2\^^fmt^h^^ 

y->'9 0 3 (^EXIi:!>:I:.^^) 4T*O^S§ST*fo5o 

y-:/±(03t^Sl (x) il&toi^lcLT^* 

5o 

[0 2 1 6] #§|pt::j:5«;«?^aui, U2fi. SSc 
30 k, ^t@<^»i, <f>2^'t'5i^ 
[0 2 17] 

[^4] ui = Aexp C- i (k I1-02) ] -(9.2) 
[0 2 18] 

[ic5] U2=Bexp i (k l2-<^2) 3 -(Q-^) 
[0 2 19] 

\m\ 

I (x)= I U,+Ua I « 

, kxd 

40 =A2 + B2 + 2 ABcos{ "•(9.4> 

I 

X d 

I 

[0 2 2 0] ri^(cJ:l9. 1 (0^>fl:5>5: A I , A 0 = 
[0 2 2 1] 

[S:71 

2 d 

Al = -(9.5) 

1 - A ^ 
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[0 2 2 2] tt£n. d^^^it^^^frnt^^itt 

[0 2 2 3] (10) UteM- 1 0 

10 2 2 4] ll!76(4fl|ffl-Ct5S3tRSW^®K#tt?r4 
-uyjx (Partial Coherence) tll^ -ISIC^ '>-ir 
[02251 

NAc 



NAo 

[0 2 2 6] •cJjS, :i:i-c, NActtl?^s=yf y 
f- • ^yx©-ry^:5'{i!lroggp^, NA o f±^*iS:^w> 
X^©-7;^^'{|iJ©||q^T% CCT-ttNAo = 0. 4 i 

1-5, if.mm(o^%\cm^'^i>^^%mtLxa. 

^Lfcti^ldXe-Hg^fcilroO. 2~0. ^ ura^OiT' 
^-ZfXJV:^^^ hyu (SSI^) , 0. 2nmm'^<0^ 
drv-v - tffljt. ±[illc:;^LfcKi^CC)HgT-^'^ 

[0 2 2 7] /it5, *^9qtCfflV^5fi6?^tt, l'>*5i^)5-^ 
-y-mm (Kohler) roSigi/io-Ct^So ^ 

[0 2 2 8] ^*fi?.BJ^romfr«»-oi,'>Ttt. HI 1 9 A 

[0 2 2 9] (11) mwi • 1 1 

(III6M- 5ic>^*£;) }^mx 
vx^ J; o T 2 oco5^m«iS:filf^-r fc *ro u 

iXof£ U'VX^Oi{2^(Offi^?Sr#It1-5!j:>||iJ5/£l^fi| 
[0 2 3 0] 077(4;$:||;teWW>^7's'^-'roR?.?g^Xt/® 

u>X«|(0RB?^3t^uvX^, Li, L2tt^^-7-~7 
1 1 1 4 arii-^;^^', 1 1 1 4 bfigl-^;^^'. l 

14 0a iint^mm^ {±^m^Mt^ t«) . 1 1 

4 0 b«:tl*$tc*ff 5)tiSfi*Ji9^> L tt-g-fi£3t 
1 1 1 sriS^u-vX^, 1 1 0 3ttftS)ti'3:/> 



T'fo-5. 

[0 2 3 1] **feT-ft^aroitZM(cM^Stii-^-rV''UV 
X^5rM3t*LiS.t/L2i-<3t'^T*ai: LTl^5roT\ 

[0 2 3 2] fin. *^iS^Jttia77(Ot«(cPS^$tl 

^cJb•l/^T. iJS:t)'iii?t*icoi/>T(o±S'*.e^vx^i i 

^S2rft/Mi(ctJ $ X 5 r t ;6S-C# 5, 
[0 2 3 3] lie, *$ISli2o(0-r;^^'±(0v<^-y 

[0 2 3 4] lil77(Ct5t,>T®BS^t:Lfc3t^5t(C 
ol,^Ttt, m27RXfm28tmi^-Xh^o 
20 :»-|±, BilSU^XI^S 6 2 a^OtblCfofcStW^S, * 
lli6«»JI-H::^f<, I127W5 1 5 (Ctg^t-2)&fi(c^l:t b 
iX/tPilUxHry b y y^./j:g;^WVX^l 1 1 5i^h 

[0 2 3 5] (12) ^MM -12 

[0 2 3 6] ia78li-v:;<i!';g|Sgg(DSfi3&^tLfcm^^ 
BIllt?fe5, l^llllCtJl^r, 1252 lie (546n 
■ m) ro^fejty-:^, LtiVlM^^^-^. Li&t)fL2ll 
30 ±fESlJt^Ki l^«lc^^S-ei^-lc^^SiJ$tifc»fim 

jgv;^^, 1 2 4 0 aSi;btt)tKS»J{9^, 126 5 
111 : le^^yX^, Lti^0.1^^t/f^. 1 2 6 614 

[0 2 3 7] Sl^^yXl 2 6 514, £«g/iibtf 

[0 2 3 8] J}:lc, *SSfi©Sif^SrlftMt?)« ^ 1 
^'T-, S*-7;x^'M2ia5^ixtl^-wlP^-«^->S:^ 

t-5, rro^tt, 3tMffll^Sl 2 40 aSO!b>£r|l 
StX, jtKLi&0:L25:tf L<-t-5t (2n;iW^4a 
^T'fcJ:t>) , -afiSST'tt. lE'i^f£m^ti±< i^y^ ■ 
y<i'-yiiiW.^fj:K^ZtKfj:^o liffi->7 hJ^O 
J?$/!)5^^''j:^tt, ^O^fB^a^Mlfet/ioT^ttlSi 
so 2 6 6icJ;oT^tiJ$n^)„ 
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[0 2 3 9] ^2»cv/uf- • -^y^^m^m-'-yy vmn 

^Kfi«iJi!l#Sl 2 4 0 aSt;b$:PSUT. 2o 
[0 2 4 0] ^atC-y-yUf- • i!'fi[ffiSev'7 hfflW 

-<t•7;^^|gl,*•c^)5^i^lco^^T^f^-t■5o 

itSfiiSS^m 1 2 4 0 a sot b SrPS LT&ffiH 
10 2 4 11 (1 3) 1 3 

1 0 2 4 2 1 mmtw[^%m<r):^7- -y-f -jyv- y f 

-hS5 : lS|/hSJ^S3tigSWlS!B&^kjE»f®lll 
T'feS. PlllItC*il/>T, 1 3 0 2 a, b 

ii^) . Li. L2tt 
^rn^-'tli^S&OtBJJtm, 1 3 0 4 a, b (i^tim 

^'Bi.mm%W'M^y:^% <.^-7-wm) > 1 3 1 4 
alia* (^*y icnm^xiAmam^) -^nitth 

■77.^^ 1 3 3 4 iSTJ^l 3 3 4 j H:f'5'7°±Wii5J®SB 
Jc>Pi-ii£;-rsffiS5?fS, 1 3 3 4 k'(if-s/7°±rojiia|5]K>'-? 

9-V\Z.1^^^.^h^^<^-l/n. 1 34 4 kr±^s/^± 
ro^ifigBfcm-rSii^as. 1 3 4 4 i j ttf' 

-7 • 5 y-\z.^-ii^mt%. 1 3 1 %^m'mxmM 

3 0 3B:^gjt!>^^>, 1 3 1 3 i iiO^ j liiSS 

y • -^y hSP) , 13 13 kXttl 3 2 4H:a% mm 

10 2 4 3] ElsottS^tro^e^^r 5':^lc*)-j$;i-5 

3 1 3 tf&mxmttmiHti^&i^T-y^KX ?)@jt$ix 
2.±®J«!E« t4^t5t>. ^&:U%mi$.. 1 3 2 iSon 3 
2 2 tt. 1 2 »^3':/««, 13 2 3 

xi/ 1 3 2 4 ft^tii'tKD^ y -/mi^ommm^u. i 
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3 1 3 k(4aiaXtt«rBll-fofc5±S3tgP (^iST'EW 
t>i^fcft^B^^**Jg(0g|5i^) 1 3 1 3 iXt; j li (« 

13 14 a RXfl 3 1 4 b Ict^lt ?)iX^o ^lixl^. fci: 

^(i, ^ ^ y :y h^j^ 1 3 1 3 i su^ j , ^mcmm 
m^ui 3 1 3 k\chtc^o ztih(Dmmat. a^ia 
10 {CTf.t mi9) xo^j:. ^m^{^om^t''^^>o 

10 2 4 5] z(Dm^, jtM\a-±m-&&<D%myyy 

[0 2 4 6] *:^r5//^°-C^lS^u>X^l 3 1 

[0 2 4 7] (14) * 1 4 

[0 2 4 8] msummMm<o:^7' ^yy^ ' TV ' y 
xh^. mm\c^\^^x. i 4 0 2 ast/bttffia 

Wl^*. 1 4 04 aJit;bii^r-y-figPJ5:«^-r5 
Kg|gu:/X^, 1 4 1 4 a&t;bfi, fiftil (5^^/^± 

14 14 b^^^^^±(DM^U^<Dm^(Oy<^-y^m 
40 1 4 1 4xRXfy\t^^^^^ 

^^S«. 1 4 1 4miil/nll^nAig3t^^. 14 14 
pRXfqity<^-y\cn^.ta,mQ^. 14 14S& 

4 1 5^mRxfmm(ow\mfi^TU±yhv y^\cm^^ 

tltc5 : 1^/hgJ^uyX^, 1 4 1 3 kll^7^^^± 
(>J?al/^(±l 4 0 3) cOfiiaSB^, 14 13iti^7^/^ 

±.(DMmU'AXh^o 
[0 2 4 9] 082(1 1 4 0 3 ±X^&M^m^^ 
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1 4 1 3 . 142 1 

1 4 2 3 XU^ 1 4 2 4 [t^h^fKD^ v 7'±(^){g:ttB 
tc:3^J^;-r5i^aiH]Ka5^. 14 5 1a (^[g!81(C?j^-r^D< 
ggqgPl 4 1 4p^5^it?>tuTV^5gp^>, 145 1b(l 
l^«lCMPa51 4 1 4 q;i>Slt?>nTt/^5gP^-Cfc6o 

<5^-^^ai 4 5 1 aJ5:t/b;d5mitA 1 UM.<r>^')fi^U 

j^^-r^o iRiiaic^^v^-r. 1 4 1 4 psu^i 4 1 4 qii, 

•ti^^■'^^A 1 SBHt-^^JCf^g^q^^^-^^. l 4 i 4 g 

^-y. 1 4 1 4 sS:U^t(«(^±lc^^$tufcftffiS 

[0 2 5 1] 1fWm<r>7.y' j'/^toidf^^lcoi/^Tlimf 
EUffiW- 1 3ir:fe<p)i:-CfcSeOT*€B&^5o 
^SJTM^. ®MS:*-r5 2o(0^«SrPS#ic;fy --7;^^ 

[0 2 5 2] (15) llffiW* 15 

[0 2 5 3] 11184- Cd^Uffil^Jl 5 A-C^^Jt^t/.^ 

^ A 1 mm^<^-> {^=^^^±.) (owm^^-'T^^^^h 

®ElT*fe^o Ig84^c:4o^/^r. 1 5 0 3tt'?:3i^>±S, 1 
5 5 3i^#M^>'^"^-. 1 5 5 5 6 0\±m^^< 

^-y. 1 5 5 l&t/l 5 5 2(^^^0^»^^'^5'->'T* 
$)5o mSSICl^b-V^r. 155 6\ti^^^<^->. 156 
lXt;i 5 6 2li:•?:^0Pg/^'^->', 1 5 5 4Jit;i5 
5 5^Bi^(0mM^<^-y. 1 5 p 3li:!>^v^±®T*fe 
-So mseiCtJV^T. 1 5 5 8rt:j§MIA I gai»^^"^5^- VCO 

-y, 1 5 0 3ll'>:3iyN±S-efo5o 
[0 2 5 4] m^7\t±m(OmSA\CM^^t^'^:^^±(OU 

(om^n. mmfi-&,mi^yhA "o" omQ^^^-y. 

^-fefigl87-l2l89(::o(,^Ttt. A II|itI;dS0. 3-0.4 

[0 2 5 5] El87iC*5I.^T. (WT. ilC^/l^f- • 
^^.n^m^y hScOil^iCol^Tiag^l-^) 15 14 
{l^^-7y;^Sfi, 1 5 5 9 a(^i-7;^^±(0A 1^1 
5 5 9lC^*jE£;-r5±§Bn/'^i5^->. 1 5 5 9 b(l^:n(C 



(23) 

mWLtcm'^y>^±<D'yy>? ' y<^-y^ 1 5 5 3 btt 

A 1^1 5 5 3\cMJi&tm'^y^ ±<r>^mQ^<^- 

1 5 6 0 ailA 1 j^l 5 6 0{C»^£:;1-5±-7;^^± 
<D^mQ^<^-y. 1 5 6 0 b(^^ti(CK#UfcS|-7 7; 
^±C0v^7>$^ ' 1 5 5 9 c ilMfflO A I ^iC 
>*JES-r^MP 1 5 5 9 aSU^l 5 6 0 eLf)^h^Sm\^h 

[0 2 5 6] mssit9c(omsi tm^^mssm^cmti-^ 
10 -77.^ • u-f hmxh^o mm\c^\^^x. 1 5 1 4 

1 5 5 6 a(^E185(^A 1,^1 5 5 6(C^ 
Jtt^^mQ^ {^'ry.^±<D) , 1 5 5 6 hRXfb 

\t^ti\mwt^B\^y^^±(Oi^y^ • ^<^-y. 1 5 

6 1 bRXJ^l 5 6 2 bll-^tt^'m 5 6 IRXJ^I 5 6 2 

[0 2 5 7] msm9c(Dms7Rrjmsstmwmss\c^ 

5 5 8 a (i|g86C0ffi^A 1 ia«| 1 5 5 8 (C^fjCf^f 

>^^±(7)±||p^. 1 5 5 8 bi^^iifcmi-^i'l-^^ 

20 ^±£0v^7^$^ • 1 5 5 7 bllrttJ^^A lUl 
5 5 7(0-otcmt-^iJ-7;:^;:^7±(0±§gP^, 15 1 

4\t-^y^mmxh^o 

[0 2 5 8] iki^. ^ilh(D'7y^(Dm^^m^-^^^X 
T-fi, ig74(^S1ig5>*;it-?)jt^$tl^J:^tC. ^^fPA 1 

i^i 5 5 8c»^ffl^^5>(cov^-rii. Pigt-5i^:7^ • ^< 
30 \cfj:^XLtiOo iZX\ i<D^S^J:lJ^fi^^i^'ry-^ 

/i^i-^xo\cHM6^^mfmQ^<^-y a^y^) 15 
10 2 5 9] mmssRxfmss(om^^mmt^o r<o 

i^mt^fiK msS(DtU<-^td\'fmti!iLX\^^^Xo^J: 
40 fc^\Ci/y^ • /^^-y 1 5 5 6 bSO^b^^itTl^ 

So 

[0 2 6 0] jJ:(;:lg]84&t;i2i87(Oi^>S:ia?^-rSo 

i9?i^ffl^-^^-y{C:}oV>Tt)li|38(^$a<3:5SIC 

*rtxd:Sc*ri:^c@^/^:^t►l^l:) tct^, ^(owim 

(DA\Smni5 5 9St;i 5 6 0 Oitl^'tl<om\fi^ 
74lc^1-S®<o«PpW/j^^j:9/j:Tj-fecoi^rt:, 
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^-y 1 5 5 9 hRXfl 5 6 0 b >^KJj'Tl^5o X. H 
2(D?am^m^tbtz.it\C^ ^^y<^->l 5 5 9 c 

[0 2 6 1] W±fft?qLfct^±(^afe(t. WT<^ynir 

t^ib. E17 1 iCidtt^T'nirX • 7 P 2, 7P4, 7P 

7, 7?io, Rrj7 pi2, mMm- 8\ci6ii^n^ 

-fu-^T. - 2, 4, 9, 11, 18, 2 0, W2 2% 
[0 2 6 2] (16) ' 1 6 

[0 2 6 3] l/i^;^ M^. Mx.tf. 0.6Mm(Oj¥$lC 
[0 2 6 4] (17) UlSt^ij -17 . 

[0 2 6 5] ia9iii(^felcJ:^:^r:^:7^- 7^ K- y 

-hS5 : l^/hSJ^S)tiga(03t^^(iOSSgpc»B&^ 
©fSiax-fe^o I^lillil:fo*(/^T. 1 7 0 2(^Hgy^^y^ 
(D imm(D^^^&^m. l 7 0 4|^^r-y-Rgeg5:ff$ 

1 7 1 4 a&uJbii±5>m&t;Bi5^mic 

Si-^^^^XOTIv^^, 175 1a|1^160m 
±y<^->'\cn^^'riM 1 0±g|p/N'>5^->^, 17 5 4 
b (t^ 2 (OU±^<^ - :/lcm-r 2 P ^-^^5^ - 

1 7 5 2 aSU^l 7 5 3 all±fB|g2(^±MP^>'^ 

-:/(^f+EiU/c^2(7?SilBap^>'^-:/ (-r^^*^-t>, 

^) . 1 7 5 5 bXUtl 7 5 6 btt±fB^l<^igaP^^' 

^-y\cm^Uzmi(DW\mQ^<^-y. 1 7 4 0 aS: 

I^PS^. L (t^^^. 1 7 1 5115 : l^^hgj^l/ 
yX^, 1 7 0 3llaS)t^>^^^. 1 7 0 9fi±E'?^ 
v^ 1 7 0 3±icjS-lc^*^i^fc7x^ h - ui/:^ hBX 

[0 2 6 6] E|92tt. #^(^a^C^>"^5^">^tC^tf£;-r 
II p /N-^ - y 25s if O J: 5 ici ^ & t;©!-^ ;^ ±fc5^ 

5o l^iaiC^JV^T. 1 7 1 4 b±ic: 1 7 1 4 a ^rlfefc 
Rlii^>^^ 17 14 a±cO^±MP/'^->, 5S^IC 

i^RtlBI-^;^^ 17 14 b±(0#£ggp/^•^-yxfe 

5o 
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[0 2 6 7] :i(DXo\c^ ^mQ^<^-y^W\'^:^^± 

[0 2 6 8] (18) Ute^i- 18 
(C^SV^T. 1 8 0 2llHg7yy(0 i^(0$Pt^*ffl^ 

10 m mm^tmmm' i o) . lui^s^^k. ii^t^ 
18 5 1 it^^tim^^-y ^ ^- 1 8 0 6 

-S-XyXi., 1 8 4 OilIi|12C02 0 5, gl29, XttJ£ilT 

1 8 0 8 aSt;i 8 0 7 btt^:tl-?tl±3tS:X 
U^gl^Sffl ^ 7-. 1 8 0 4 a RU l 8 0 4 b ll-ttl^' 
(Kohler) ^B^t^^yfyt- 6 ^: 
Mf-^T'yXA, 1 8 4 0(11312(0 2 0 5, 11129, X 

20 /^b-ibC/^^J^, 1 8 0 8 a&i;i 8 0 7 bll^tl^'tli 
. :)t*St^ffl)t*ffl^y-. 1 8 0 4 a&t;i 8 0 4 bll 

(Kohler) s:?F^^-r^=3yxyf- 

-l^yX, 18 14 aSt^bll^tl^'tliXO^BI-^:^ 

1 8 5 4^1'g^^ffl^^-7^ 7-1 8 1 35:iRii?^-r6 
^^fflyyXi., L (l-a^^ffl^t*. 1 8 1 5115 : 1 
^/^S^l^yX^T'i^Xa^^©J^Of^{|I|(C:^^V^Tx U-ir^ 
hy 5'i:'^-«^$i^-CV^5, 1 8 0 3(l«®3t^>^^N 
18 8 1 (l[a27SU^El 1 9A\C7jk'r^0^J:^^^^ • 

30 [0 2 6 9] *^teMtC:fc'^/^TIl, ^^'^^^Sr^-r-Si 

m±%ntm^inm'r^mMit^m'>m,^Lx\^^6 
<Dx. ^Rm\^^m<DmimiMmcm^t^zt 

[0 2 7 0] /<(:4b\ *^B(1, feffiv'^ htetcPB^r, 
m\cjj:<m^xt^ztit. \^^oiXh^j:^\ 

[0 2 7 1] (19) mmm- 19 

(0 2 7 2] Ell 9A\t:^%mm(07.Ty^'Tyh*' 

lEmmmxh^o mm\cm^x. 1 9 0 2(iSi^iE7K^ 

7^7^,. 1 9 8 2flfflR®^, LdlSg^tRgMit^. 1 
9 8 3 fl^ 1 Rittm (mx^i^A 1 ^ 7-) , 1 9 8 5 H 
1 9 8 6ll77-r7-r • UyX, 1 9 8 711 
7^-^-f--^, 1 9 8 8(17 (^SJX-(Jv'3-h - 

y h • 7>fyu^) . 1 9 8 4lim2S«^ 
/i-K- ^7-) . 1 9 04ll^-y-figeB^«^-t-5^ 
50 y^yf- . u-yX, 1 9 0 6flKSjt)t^L^&±&t/SI 
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(1312© 2 0 5, 12127© 5 4 0 a, b -^rOffi) . 1 9 

0 7 blig))t*L2iC*t-t-5filS]i[,- 1 9 1 414^/-';? 
-yBtSim^^^-y-k^^X^fz.-^:^^ . 1 9 6 Ittfl&W 
m t Isl^lcv;^ ^ LXXYZ&Xfe *|6lHI^(4ffi 

f^cDMP^as, 1 9 6 4 a5:t;b«iSt/il^tS:^c*f•t 
5^•J^mwtl{l!)S^^vX^, 1 9 4 9 attijt^L 
llcljISl-rSfilBl^. 1 9 1 3(4i3fc*Litl'l)t«L24: 

9 5 4l4/^-7 5 7-^^:lCIi^W•f-Sfc*(0-a•^ffl:/yX 
A, 19 15 I45t©i^fi!l WyX^ 1964a St; 196 

4 b i: iim\cm\Rxmm<ommy' u^yhv-y^^ (n 

1 imm ic«^$iT.fc5 : isi/hSi^vyx^ 

W-asSr^il-^fflflUVX^; 1 9 0 3 ttScSJte'^^N 

1 9 7 6 14 6 mftT^-yyuSr^iaS 1 9 
7 7(4±T*|6]-r^it?*5Ztt^i)-&, 1 9 7 9I4;4<¥* 
|S](0-:^[6j-t^it>*)Xtt#®b-&, 1 9 8 0i47K¥:^in]© 

[0 2 7 31 :^nmmx\t. -rT-fmrni^^-^jiOx, 

iRXfWl-^^ ^ rat? W-^itdS^^t 5o 
[0 2 7 4] (2 0) SIMM - 2 0 

■>7^?«i: LT^fflT-t5 2 0:5c^3f^^i>:7^«{CO 

[0 2 7 5] ia95(4*|lig^J(0"5T^v'7^'4-El 1 9 AW 
->7h«i 9 4 0ittiftXI4^i^^cji;!IPLfci:#©, ;^ 
TS'^-'WffiB&^kiEKfBEI-CfoS. I^I21IC*JI/>T> 200 

2 l4E76fit;|gI 1 9 A(C/T^-r J: 0 /.C^^XttiSS^^^t 
21, Ltt®S3tit^, 2 0 9 1 l41SSjt5t«©7^-/U 

K±©ffi^ (x, y) ©{!i:fflS:i)«-r5fc*t)(0&ffi«^ffl 
St/jJ*3*.;^=3f + :^-, 2 00 6l411®)tjt*LS:±jt* 

Lli:gl|3t«L2lc^*l•t-5fc*e0/^-7 5 7-, 204 

OI443t*Li©ffi^ (x, y) (r)imhm%%i^2<r>n 
ffi^©&tS<bw!IA0 (x, y) 5r^fr6<] {=S-St/hgi5^^ 
^co^^-c) tcms®ttfcffi:g-t-5fc*©2j>:5c^^fi[ffi 

->7 Li (x, y) &0tL2 (x, y) 

■C#)fe^LiXt;L2WffiS (x, y) CDgP^^iSr^t, 2 

0 1 414, -ik<r>-7 7^^ iL(r>^m\.lt.'m\:.^'<^-y 

5 (x, y) lCft#t'5:itSrfl5iUr/T^t, 2 04 9 
al4S?t*Li(Dfc*(D<g[a]$7-, 20 13l4±jt* 
LiSO!ilJt«L25r-&fiELTL ?r#5fc*ro-&figffl/> 
-757-, (x, y) Sl/((.2 (x, y) l4-?-ix^' 
ix-&fifei:if(DS«®lc4o(:t5Li (x, y) XC/L 

2 (x. y) Wfi-tB, 2 0 1 5l4^-il¥3ST'X(4te(DU 

VX^iitJCS : ist/hsj^^^&s^g-rsis^wvx 
^•x?!^ffl!lSl;^ffi!)<Di^^l!llcfcv^T■r uir y h y 5/ ^' »c« 



(25) 

^fe^tlTI/^S. 2 00 3(4ft^)t^l^^ft^7^^^, 209 
2(4:5^d^-r-t2 0 9 llCj:>3;glttSLfcffi^ (x. y) © 
^>f)Jtl^©&ffi^A<) (x. y) r-^(cS-:5V^T, ^ 
®?t7^■-/^K (^fr^as'h) (c^^fccTfi^ffiMA * 
Sr-^i$-/i»CBr^v'7;? 2 0 4 0 Sr«lJ^f5fc*© 

[0 2 7 6] [a96(4H(fia[i!95©ir^->7^ 2 0 4 Oro- 
±®c0fe;*:ll-e$>5, iHlllJCiol^-C, 2 04 0 al4#i: 

rojE:^»Sl^ms, 2 0 4 1 14mffi©'iv^rafi^g|5-efe 

14, Wx(f2 0/im~2 0 0>xmS$-C-&'5o 
±-CWBI^v'7^ 2 0 1 4©tefil4, ^-niCioT&ffi 

(4^-ot(^ft;^(0l^H/iS-7;^^'B«T'fc5«^l4, -7:^ 

[0 2 7 7] 097|4±IE096CO^^v'7^(OX-X8ffS 
20 la-CfcS, lRl0{C^al,^T, 2 04 2143^5/ -{ryu;^ (Pock 

els) ^^i^ti>n%^^f^iBX'mmc7r^tii(r>(Do 
*)COV^•fn*»-o, 2 0 4 0 aRi;bl4*l-*i-f5jE;i^?i^ 

(-fe^^yh) , 2 0 4 3 i4S?g^Mi^t?fe 
5o ::roite«fe)!§2 0 4 S^-Jc^-lr/^VMcSUTJSi 

^^■>7^?$lJtai|HIK2 0 9 2l4, rtl5)rogB^S::frL 
[0 2 7 8] (21) *^(OE«?rffiJE-r 

^^'Wf^fi£:^fe, ^^•^-ywf^■^fe, HS^T-^^ico 

HJS^IroEti/j^t. t'Jt*?*), B*#SHB6 3-2 0 
5 3 5 0^ (BgfpB 3#1 1^22 BUJS) SU^B*!!* 
S¥ 1-257226^ (JP^ 1 ¥ 1 0^ 2 B MS) ^ 
WC, ^:tHcmt2)^leH<|#sTttlS0 7/4 3 7, 2 6 
8 (1 9 8 9¥l IM 1 6 Bfflffi) , B *i|#<iiBS 6 2 - 
40 5 0 8 1 If-, rg^-v-r^'nr/^^'-feXj 1 9 90^ 
5^f-7 4~7 5H, U"<>';:^yP,<^ f^yy/u-fy 

^x- r • 731'f X- i/7x-cy^' ■ r^f • 

— "C— • h7yi^^-y3y - :i-y • a:^^' hn 
y • r^^'C-lrXED-2 9#12-§-198 2^12^% 
ffl828-1836H ( 'Improving Resolution in 
Photo lithograph with a Phase-Shifting Mask' , Leve 
nson et al, IEEE Transaction on Electron Devices, 
vol. ED-29, No. 12 December 1982, P. 1828-1836) , 
so bo fl Mm:/n-lr;^ffl7;i- h-r;^^/<:?-y(^)S^^ 
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fi^ffiJEj 0*Si^iifs^^^5[Sl 9 8 5^5^vol. 
J 6 8-C No. 5^3 2 5~3 3 2ST'fe5„ 
[0 2 7 9] B*#MBg6 2- 1 7 1 1 2 3-§-{C|li^JE 

[0 2 8 0] B*#MBg6 1-2 2 6 2 6-§-»C(i, 

10 2 8 1] B;*:#WBg6 1-4 3 4 2 Of-ICIi, 
[0 2 8 2] 

*6<]/jj t rote J; o -c^i ?)ti5^*?r@i*(c|iiigi-titf , 

[0 2 8 3] M0.LX')tti^<^-y<ommcf(:>{:: 
■c. mt/tui:frLxm'0'^oitmm%iS^i-iit(D&. 

[ElEWfi^/iliiiqi 

[m 1 1 *^Mro|li£^ • 1 O I T?$)5SitSgSJc^»:t 

[1112] *5ie^o±iailJStHjT'fc5^;^^rofe^»fB 

[1213] (a) , (b) li, rw■7;^^'fcJi^^$i^fc- 
*rwiel!g^>*^-yW5FBIlI, (c) tt, rro-^^roilK 

[04] (a) ~ (g) 133 (a) , (b) 

[1115] (a) , (b) tt. :iro-7^^'(cm$tifc- 
^n^W.-^t'-^-^-f <r>w-MMo (c) (4, ;i©->fi-(o 
tett-g-J^-ti-^- ^' Sr-a-^ LT# Pj^iS lH]K^> - y ro^F 

[me] (a) . (b) tt. *«e^wiiffi0ii- kdiiw 

¥Ba (c) tt, rcO-^^^HK^-^^-V^-a-fiSLT 
[07] (a) ~ (g) 14, 06 (a) , (b) KTj^-t 

[08] (a), (b) (4. ICiIII 
i-¥®0o (c) (4, ^cO-^t©[ElK/-?^-y5r'&fi£L 



(26) 

50 

[09] (a) ~ (e) 14, 08 (a) , (b) fc^-f 

tb^:'tl*-fIftPJ0, 
[010] (a) ~ (d) 14, «e5[?rov^^(DSi§^Jgt 

[011] (a) ~ (d). (4, mmm^miitz^^n^ 
-rfiBj0. 

[012] if-Wmm^m- 2T-S55^)t3t^^^roSSP 
w WfiS;0o 

[013] (a), (b) (4^n-?:tt012ro-7y^^'(D/N° 
^'-vfl|^gtD-^JiSr^-t-^la5¥B0„ (c) (4^1xf>/-< 

[014] (a.) . (b) (4^i^■?^^012O-7;^^'(O/^• 

^-ym^<r>-m^7r^-r^uw-^m. (c) (4^jx?>/< 

- y let o rf^ t)i^50fS^■«^ - i^<^¥®0. 
[015] (a), (b) (4■?•i^■Pi^012<Dv;^^(O/■? 
;?-y«fi£(D-«sJSr*-riia5¥®0, (c) l4^i^&/^' 
^ - y ic J; o Tf^ P>tu50fa^-«^ - v«¥®0. 

20 [01 61- (a) ~ (g) »4013(?5-7;^^'(O@j§^lgiS: 

[017] (a) ~ (h) l4014ro-=i'y^^'(OSia^®S: 
Sig LfcJtroS«&l5^S5r^1-I5i?^0, 

[018] (a) ~ (g) (4015{ijnLfc-7y^i'(;3iiig 
^Jgc^Sig Ufc5troig*iSt;^aPSr*1-|!iW0o 

[019] ■v;^^'(O»f®0. 

[0 2 0] (a) ~ (e) 14, *5liqwgHlJ:^ffl-r5 

y<^-y(Ofea^t3*:^&<^ift?^0, • 
[02 1] i^^^o'm.m- z\z^i7.r-yf -ryv 

[0 2 2] *|g|g(0±ISIIifi«SJ(OJi»l6<JXI4^ra»!6<J7 
^Cy - TV K • • /^^-yirjitJS-fSv;^^® 

irffi0, 

[023] ( a ) (4, iMmmmn^m^^ir^mm^^ 

^-y\c^i^-t^^-7 7.^ • y<^-y (:i}fv' • -7;^ 
^) , mm (b) 14, IslUlc-t^y- vy^i? •y^°^-y, 
110 (c) 14, -g-^g|q/N*^-y(73¥®0, Ip10' (d) 

(4, mi%'^^^^h<om'm±.\^h^^m-mmM^m 

40 ttroiiSBg:S^a5o»rffi0, 

[0 2 4] JbiSlli6«»!»Ll, L2co&ffiS<.5: (2n 

+ 1) ;t<t(jH?m(cf p>-e:fc^w±fi!^f-7'•^•?^?- 
y^c*ff£;^5«^®o■f^^o«^s^^-r^0o 

[0 2 5] (a) (4±i2|lte0iJ«fiffli/7 h-a-^fflv- 

(b) {4, iif-y •^^^->^^cJi?fiK$i^fcfi:^a-^ffl 
MP^-^°^'-yo¥S0o (c) (4, rixP^ro-g-^X^roS 

[0 2 6] *^Mw|l;^f^- 4W;^r3'v-?iSE<DmS:»r 
so S0., 
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[El 2 9 ] l^ga60^ffiS|g^¥^l^<^l£;^»fSa 
[[113 01 m^W<r)^:^y^^nu<olMmo 

[[113 4] • 6fC«6 TLJ ^/^>5^- 

[1113 5] i:i5[ll34(7?^?i^^J(C«5 TLJ 

• /^•>5^->¥S[llo 
[[113 6] *5g|g<^llife«^]- 6tC>e^Slgftmit^<^/>'^ 

•/^•^->'¥B[llo 
[1113 7] ±EIll360^?{5W(-«5SftE3i:^^^^^>5^- 

[1113 8] *^?gcO|^JS0iJ • 6lC«^^|i»|^^^/'?>57- 
[1113 9] *^?g(D|IJfeM- r\m^m%:^y'y^'^7r^ 

*fi:®)t^«^*-r¥ffilllo 
[1114 1] *%eg(^^Jg0iJ • 7[c#.6^v?- :/n"tr;^5r 

[1114 2] *5g?q<^lliS«f*l- 7tc^5zKv^; ynir;:^^ 

([114 3] *%P>g(^||ffl^SJ . 7tC«57}^i;.^u-t^^ 

[1114 4] if-Wfi<0%mm' 7tc#.-5^;«/- yn-t^5r 

[[114 5] *«ego|IM0il- 7tcff,5^;^/- T^nir^^S: 
^-f^'n-frSlllo 

([114 6] *5!?g(^llffi^?*l • 7lc#6^;(f • T^nirv^Sr 
^t":7n— ^Bdl, 

[1114 7) *^ego||JS^l- 7ic#5:v^y • -^oi/us 

^^$7o-[ll, 

([^4 8] *«eg(0±IEIl|47{C^JE£;-r5SRAM(^^>^ 
^^XS<07^-^E[g, 

([H 4 9 ] J:E[a47(::^j£:1-5 S R AM<^ 

[(H 5 0 ] J:E[ll47|C^^-r 5 S R AM(^ 

/^xS(0 7D-^®[il, 

[m 5 1 ] *«?gcO±fa[ll47tC*fl6-r 6 S R AM(0 
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[[115 2] *S?gc>±E[ll47(C^Jf£;-r5SRAM(0^^ 
/^XS(7)7u-»fffi(ll, 

[(US 3] :^wn(o±Mmmcii^t^.tisRhU(D^:x^ 

/^XS(07^-»fB[llo 

[[115 4] *^?g(0±iaEl47tcm-r5SRAM(7)e73i 
/^XSc^7^-^B[ll, 

[[115 5] ±iBSRAM(^^^/y^®(05p®l/-r7e7 h 

[1115 6] *^?^CO||ffl^J- 8(C>^6DRAM<^^7a:/> 
10 XS 5:71^1-7 a -WBlHo 

[[115 7] • 8(C#^bRAM(^^7:r.yN 

XSS:^-r7n-^®[ll, 

[[115.8] ^^e^coHte^^j • 8^C#5DRAM^7)^7^/^ 
XgSr.T:1-7n-^Blll, 

[[115 9] *^5^(^3lfi^J ■ 8^C>S6DRAM(^e7^/^ 

XS>^77^t7a-»fB[llo 
[m 6 .0 ] ;^5S?^cO||fi^J • 8 D R AM(^ 

XS5:^-t-7D-«[llo 
[me 1] ^Wmn-^m* 8lC#^DRAMO!>a:^N 

20 xs^^^-r^n-^siii, 

[[116 2] ^%m(0%mm' 8fC#^DRAM(^^?^^^ 
XS^7j^-r7a-»f®[llo 
[[116 3] - 8lC>^6DRAMCOe7:n/N 

xs^^-r^u-^Bnio 

[1116 4] *^§^CO|l:ffi^J- 8tC#5DRAM(0!>:n/N 

[[116 5] *^?^(^IIIfi^S] • 8lC>S6DRAM(^e7^/N 
XS$:7j^t7P-®rB[llo 

[1116 6] *^?g(?5|l:^^J • 8tC#,5DRAM(D!?:n/N 
30 X@S:^-r7n-ff®[llo 

[[116 71 *^?gcOSiaiM- 8lC#6DRAM(^^7:xy^ 
XS^7j^t7a-»f®[llo 

[06 8] ^mm(D%mm^ 8IC^5DRAM(0!?^>'^ 
XS^7r:-r7n-»rffi[llo 

((116 9] *^P>qcD3lteM- 8^C>S5DRAM(0^>^/^ 
XS^Tj^f 7n"»f®lllc 
([117 01 *§g?^<^IIJS^^ • 8IC^,5DRAM(^!>:x./N 

XS5:^-r7P-»f®[llo 

[[117 1] ±|2DRAMOf'^/7"®ig(0^BU^7^> h 

40 

(137 21 Qtt±EDRAM<Dpt^y • -tr/l^«(^^^ 
(1117 31 i£eLfc/^'^-y(7)^^l;65[^fe^ST'$>5^ 
*C0:/77o 

[[37 4] ±iE[117 3 t[^«tC&ffi;dM 8 0° (ffi^tfi^j 
fc) ^/j:5^(Ol^^*^7 7o 

50 [la 7 6 1 
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[[117 7] tlfflWT^U-fcVhy y^'Sfig^^lMUTv s 
. [US Ol ±Elll79©Sjt*feicJ;oT@3t$i^5*fi[ 

[081] 7^%m(ommm ■ 1 4 og^:frfe©ta8gwit 
mm. . 

->0. 

[08 51 ±Bmmm(Diia,(Dmmm^<^~yKM^^th 

[08 6] ±Ellte^J«SlC'ft&<0^^ffl^<^-Vlim 
[08 7] ±E±ia084©^7a:y^±(^)y■?^-:y|cm-r 



5^ 

0. 

[08 9] ms6\cM^^t^mWiW-mi^^T':7hmo 

[0 9 0 1 h Uv=;^ 

[09 1] ^^m<DmMm- 1 7(c#6Si#^-«^->'& 

10 r 5- ^ • 7 > K • y t - 5 : 1 ^/jNS^gJtSM® 
jffill&ftiE»r®0„ 

[09 2] lRl*te2:lftl^-fSfc*wa:lv;;^^y<^'->' 

0o , 

[0 9 3 1 • 1 8 \zm^ms,m-rju^ • 

[09 4] ^mm(D'^mmm(Dm^mw.<o&mmm%m 

«iE»fS0. 

20 [095] :^^m(D%Mm • 2 0 im^-^jm^^"^ 

[09 6] m-<k7cmsi^y h«o±®0„ 
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